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2 ; Objervations relating to the Prices for making 
Spirit of Nitre, and of the Produttion 2 1 the 
Wnt. BM fs ab an aeg n 


AVING had occaſion, a mig ave been ſeen; 

to make uſe of a conſiderable quantity of ſpi- 
rit of nitre, it will not be woridered'ar, that f heuld 
be deſirous of thoroughly underſtanding the chemi- 
cal proceſs by which it is made; amd ug making it 
myſelf. This I wiſhed to do, pardy to ſave-cxpetice 4 
but principally to examine with my own eyes every 
Vor. III. B thing 
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thing relating to it, and make what variations I 
ſhould think proper in the proceſs, in order to get 
the acid in the ſeveral different flates in which I might 
have occaſion to uſe it, without depending upon the 
report of any practical chemiſt, 

Having acquainted Mr. Woulfe with my wiſhes, 
he was ſo obliging as to furniſh'me with a moſt com- 
modious apparatus for the purpoſe, and to give me 
inſtructions how to uſe it. | 

From this time I have made ſo many diſtillations 
of this acid, and have varied the circumſtances of 
it ſo much, that I now think myſelf qualified to 
teach others; and there are probably few perſons 
who have had more experience in this particular pro- 
_ ceſs than myſelf. 'I think myſelf amply reward- 
ed for the attention I have given to it, and I 
expect to derive ſtill more advantage from the far- 
ther ſtudy. of it. 

As ſeveral of the obſeryatipns which! have made 
upon this proceſs are of conſiderable . importance, 
and, as far as 1 know, are original, I ſhall give an 
account of the principal of them, eſpecially { far 
as they tend to throw light upon the properties of 
this acid, which is fo important an agent in every 
thing relating to the buſineſs of air. 

It was firſt advanced by Mr. Woulfe, Phil. 
Tranſ. Vol. XVII. p. 378, and is now generally 
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taken for granted, that i in this proceſs, as well as in 
ſeveral other chemical diſtillations, there is a very 
great abſorption of air. This always appeared to 
me very extraordinary, and to agree very ill with 
what I had myſelf obſerved concerning the produe- 
tion of air. Nitre itſelf, I knew, would yield air, 
and of a very pure kind; and though the addition of 
oil of vitriol would not add to the quantity, I ſaw no 
reaſon to think that it could diminiſh it. Had there, 
indeed, been any phlogiſtic matter in the retort, it 
would diminiſh the air contained in the veſſels, and 
the fumes of the ſpirit of nitre itſelf have certainly 
the ſame effect. But this could not well exceed 
one fourth of the whole, and this by no means came 
up to what was generally ſuppoſed of the great con- 
ſumption of air upon this occaſion. And, though 1 
knew that there muſt neceſſarily be a diminution, by 
phlogiſtication, of the common air contained in the 
retort and the receiver, &c. yet I could not help 
thinking it probable, that the air which would be 
generated from the materials would, in moſt caſes; 
and eſpecially if great heat was uſed in the proceſa, 
and if it was een ive: dan ſupply 

that deficiency. . m en, I Ae BY: 
Accordingly, the firſt time that I had abdgpor 
portunity of ſeeing this proceſs from the beginning to 
the end, ee ee receiying the 
B 2 tr * air 
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air that might come from it, or at leaſt to enable 
me to form a tolerable judgment whether there was, 
in reality, an exceſs. either of 49% or gain with reſpect 
to air in the courſe of it; and I ſaw enough to con- 
vince me that there was, at that time, an evident. 
ProduBig of air. 

The (quantity of ſpirit of nitre that we made was 
ee ſix ounces, with the proportion of ſix ounces, 
of oil of vitriol-to eight of nitre. The generation of 
air was obſervable in almoſt every part of the pro- 
ceſs,- but more eſpecially towards the end of it; and 
all the air that I caught appeared to be better than 
common air; the firſt part of it in the proportion of 
one and a half to one, and the reſt of two to one. 
Alſo a conſiderable quantity came afterwards, which 
I did not catch, but only obſerved that when it was 
3 into the open air, it was cloudy, as de- 
air, when it is firſt produced, gene- 
rally is. Indeed the ſuperior quality of this air ſuf- 
ficiently proved that it was not the common air ex- 
pelled by heat from the retort and receiver, but 
muſt have ene. m the materials are 
ployed in the proceſs. 

Though I was myſelf faffcienty ſatiafied — 
the reſult of this firſt experiment, I was willing to 
put an end to all poſſible doubt with reſpect to it, by 
repeating the ptoceſs when the neck of the retort, 
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and the whole body of the receiver, ſhould be covered 
with water, with a glaſs valve (ſuch as Mr. Parker 
makes for his apparatus for impregnating water with 
fixed air) adapted to the upper part of the receiver, 
in order to let out, and collect, whatever air might 
be expelled or generated, but to admit of no return 
of air into the veſſels ; and when the proceſs ſhould 
be over to make an opening intothe apparatus under 
water, which only would then be admitted to ſupply 
the place of the air. By making the proceſs in 
theſe circumſtances, carefully collecting all the air 
that ſhould iſſue from the valve, meaſuring the quan- 
tity of water that ſhould enter the veſſels when the 
proceſs was over, and comparing this quantity with 
the contents of the retort and receiver together, I 
could not fail to'aſcertain the fact in the moſt ſatiſ- 
factory manner poſſible, The particulars of the 
experiment were as follow, and they abundantly 
prove that air is not abſorbed, Wn en, ned 
proceſs, | | Jens 
I put into the retort ten ounces of nitre, nnd 
eight ounces of oil of vitriol ; and plunging the end 
of the retort, and the whole body of the receiver, in a 

trough of water, left an orifice,' to which was fitted 
a glaſs valve. Towards the beginning of the pro- 

ceſs, twenty three ounce meaſures of common air 
were expelled ; but very little afterwards, -till near 
the end of the proceſs, when I receiyed thirty two 
B 3 ounce 
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ounce meaſures of air, the bulk of which was ſo 
pure, that one meaſure of it required an equal mea- 
ſure of nitrous air to ſaturate it, and the very laſt 
that came was ſo pure, that it took twice its quan- 
tity of nitrous air, without being in the leaſt increaſed 
in bulk. 

Opening the receiver under water, there ruſhed 
into it twenty nine ounces of water, and I found 
that the whole cavity of the receiver and retort 
together, excluſive of the ſpace occupied by the 
materials for the experiment, was forty ſix ounce 
meaſures; ſo that there were twenty ſix ounce 
meaſures of air generated. Had even the whole 
cavity of the retort and the receiver been filled 
with water on opening them, ſtill there would 
have been nine ounce meaſures produced ; for ſa 
much did the quantity of air expelled from the veſ- 
{es exceed their utmoſt contents. 

Aſter this experiment, no reaſonable doubt, I 
chink, can remain with reſpe& to the fact. For 
there cannot be any difference, in the nature of the 
thing, whether the diſtillation be made in a ſmaller, 
or in a larger way. However, I have ſince frequent- 
ly diſtilled pretty large quantities of this acid; and 
though I did not make the experiment with ſo much 
attention as in the laſt caſe, every appearance that I 
did attend to confirmed me in the ſame ſentiment, 
Nor do I ſee what could have given occaſion to the 

contrary 
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contrary opinion, beſides the entrance of the air into 
the receiver when the apparatus was cooling, at the 
concluſion of the proceſs, without conſidering how 
much had been expelled frotri the veſſels while they 
were heating. It is poſſible, however, that if the 
proceſs ſhould not be urged to the laſt, the quantity 
of air produced might not ſupply the loſs occaſioned 
'by the diminution of the common air, from the fumes 
of the generated ſpirit of nitre; ſinee this diminution 
may be one fourth of the capacity of the veſſels. But 
the loſs muſt exceed this proportion before it can 
'appear that there is any proper abſorption of ait in 
this proceſs. 

The ſource of the air peu i in this proceſs is, 

queſtionably, the acid of the nitre; when the heat 
is very great, I have obſerved that in this, as well 
as in other proceſſes, a greater quantity of a pow- 
dery ſubſtance will be carried off by this acid more 
than it can hold in ſolution when it is cold. On 
ohe occaſion in particular, when I was diſtilling a 
pretty large quantity of ſpirit of nitre, from nitre 
that was not very clean, and when the heat was ac- 
_ cidently greater than it ought to have been, a denſe 
cloud of whitiſh matter poured from the retort into 
the receiver, quite filling the lower part of it, and 
rendering it almoſt intirely opaque ; and the ſpirit 
of nitre which came over at that time, and which I 
received ſeparately, in Mr. Woulfe's manner, had a 
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pretty large quantity of whitiſh ſediment, exactly 
like that which I had ſometimes collected after the 
production of dephlogiſticated air that had been very 
cloudy. I have likewiſe had a ſediment of the fame 
Kind in various proceſſes for diſtilling ſpirit of nitre, 
though never ſo much of it as on this particular 
occaſion; Something like it is alſo generally found 
after evaporating to dryneſs a quantity of ſpirit of 
nitre ; in doing which I had, at one time, the fol- 


blowing appearances, and with the account of them 
I ſhall cloſe this ſection. 


In evaporating a quantity of n ſpirit of 
nitre, in a deep phial, the fumes were firſt red, but 
afterwards quite tranſparent within the phial, and a 
ſmall quantity of the white ſediment remained, which 
eee eee eee it. 
There is alſo a ſmall white reſiduum after the eva- 
5 oil of vitriol. This Dr. * Epen 


dy n 482. . ; E 
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S EKS. 


Obſervations relating to the Colour and Strength of the 


Nitrous Acid, according to different nn in 
the Praceſs for making it. 


* %* 
- 


F TE is obyious to ſuppoſe hacia | 
vapour is condenſed in any given quantity of 
fluid, the ſtronger the acid muſt be; and it ap- 
pears to me, that it is impoſſible to increaſe the 
ſtrength of the acid, without in ſome meaſure heigh- 
tening the colour of it, though the colour alone 
affords no ſufficient indication of its ſtrength, Be. 
cauſe an addition of phlogiſton, which in fact weakens 
the acid, by a kind of ſaturation, likewiſe heightitns 
its colour; and before I made my own ſpligkts of ni- 
tre, I was often deceived by this circumſtance, and 
ſometimes, I ſuſpect, impoſed upon; having bought 
ſpirit of nitre of a very weak quality, hardly diſ- 
tinguiſhable in colour from the very ſtrongeſt, | In 
general, the light yellow ſpirit of nitre is the beſt, 
containing with the moſt acid, the leaſt phlogiſtonz 
but it ſeems to be impoſſible to procure an acid 
much exceeding the ftrength of this beſt common 
| 5 | ſort, 
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ſort, without giving it a deeper, or an orange C0» 
lour. 

The laſt part of every produce of ſpirit of nitre 
is of a deeper colour than the reſt; and this I have 
always found to yield leſs nitrous air than the pale 
yellow acid that preceded it. And it is remarkable, 
that, though theſe acids be received in the fame veſ- 
ſel, they will continue unmixed mote than a day, 
and the uppermoſt may, with care, be poured off 
from the lower. When I firſt obſerved this, I 
thought it to be owing to the phlogiſton making the 
ſpirit of nitre, which was highly charged with it, 
ſpecifically lighter than the reſt, and therefore diſ- 
poſed to remain at the top of it ; till I obſerved the 
ſatne thing concerning that phlogiſticated ſpirit of 
nitre which always comes firſt, when ſubſtances con- 
taihing phlogiſton are mixed with the materials in 
the proceſs, For this deep orange coloured ſpirit 
remains in the bottom of the phial, without ſeeming 
to be at all difpoſed to riſe, and mix with: the yel- 

low ſpirit, which reſts on the top of it. 8 

I have frequently taken the produce of nitrous acid 
in the courſe of a diſtillation at ſeveral times, in or- 
der to make obſervations on their ſtrength, and 
other phenomena attending the ſolution of metals in 
them. Of one of theſe proceſſes 1 ſhall give a par- 
tieular account, becauſe I gave more attention ta 
it than to ny other, Ow 1 have frequently ob- 


0 ſerved 
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ſerved all the ſame things in various other . 
lations, 


In diſtilling a large quantity of ſpirit of nitre I 


received the acid at four times. The firſt produce 


was very pale, and ſtronger than any that came af- 
terwards. A quantity of it occupying the ſpace of 
two pennyweights of water, produced, without heat, 
nine ounce meaſures and a half of nitrous air. It 


efferveſced violently on mixing with water, emitting 


denſe red fumes, and its action was the ſtrongeſt at 
firſt. The ſecond part of the produce was {till paler, 
and yielded eight ounce meaſures and a half of nitrous 
air. This alſo mixed with water with efferveſcence, 
and its action was the ſtrongeſt a little time after it was 
firſt applied. The third part of the produce was 
brown; it made no efferveſcence in mixing with was 
ter, and yielded ſeven ounce meaſures and a 
of nitrous air, which came ſlowly at firſt, but, quicker 
afterwards. The laſt part of the produce, was gf a 
deep orange colour; it made no efferveſcence in 
mixing with water, the air was produced equally, 
and was in quantity five ounce meaſures.” _ 
Repeating the experiments on the production of 
air with theſe acids the day following, I found that 
they all yielded conſiderably leſs, without heat, than 
they had done the day before ; and even a boiling 
heat did not make them yield ſo much air as they 
had done before without heat. The difference alſo 
EN 8 
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in the production of air was in about the ſame propor- 
tion as the day before; but the difference between 

the produce of air from the /aft produce of the acid, 
which yielded leſs air both with and without heat, 
was much greater than in the former, W yielded 
more air. 

It was evident from this experiment, and the ſame 
was the reſult of ſeveral others, that the acid which 
comes over firſt in diſtillation is the ſtrongeſt ; which 
may poſſibly be owing to its being the puref, in 
conſequence of containing the leaſt mixture of vi- 
triolic acid: for it is made much leſs cloudy by 
the mixture of a ſolution of filver in * nitrous 
nn. 

Thinking to procure a very ſtrong pit of nitre, 
J uſed oil of vitriol highly concentrated; and I boiled 
the nitre which I uſed a long time in a glaſs veſſel, 
ſo as to exclude all the water I could from the pro- 
ceſs, and admit as little phlogiton as poſſible, But 
though the produce was a ſpirit of nitre ſomewhat 
ſtronger than any that I had made before, the differ- 
| ence was not conſiderable ; nor could I be fure that, 
in a number of Wins, the ning would be on 
Ns fide, | | 
Though, in this proceſs, 1 wok all poſſible care 
to exclude phlogiſton, the whole produce was of a 
browniſh colour. On mixing the ingredients, a 
great heat was produced, and very red fumes pre- 
| * 


Se. II. NITROUS ACID., 13 


ſently filled the retort ; whereas, in the common 
proceſs, it is only a whitiſh cloud, like vapour of 
water, that riſes firſt. On the application of heat, 
the retort preſently became clear, and the red va- 
| pours paſſed into the adopter and receiver; but to- 
is end of the proceſs they re- appeared in 
the retort. - Upon the whole, therefore, the phe- 
nomena of this diſtillation, except at the firſt mixing. 
of the ingredients, did not at all ciffep from thoſe: of 
the common one. 
- That the brown, or doin onze colon, node: 
ſpirit of nitre, is imparted to it by -phlogiſton, evi- 
dently appeared by mixing a little charcoal with 
the other materials in this diſtillation; when ſeveral. 
adopters, which, foreſeeing the conſequence, I had 
purpoſely provided, were all filled with copious red 
fumes, and a very brown ſpirit of nitre was produced. 
Much air alſo was generated, part of which was 
fixed, and part ſtrongly nitrous. _ 
A ſmall quantity of braſs duſt had a ſimilar effect, 
in phlogiſticating the ſpirit of nitre. The ſame alſo 
had a few drops of /pirit wine, and other ſubſtances 
containing phlogiſton. But if much ſpirit of wine, 
oil of turpentine, or other fluid ſubſtances, of a ſimi- 
lar nature, be made uſe of, the heat, and the quan- 
tity of vapour becomes exceſſive, and the proceſs 


cannot go on. 


When 


| / 
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When I uſed oil of vitriol that was only black, 
I found no ſenſible difference in the ſpirit of nitre, 
from that which had been got from oil of vitriol 
perſectly tranſparent ; the quantity of phlogiſton ne- 
ceſſary to blacken oil of vitriol being too inconſider- 
able to have any ſenſible effect in this proceſs, 

I have obſerved that phlogiſton deepens the colour 
of ſpirit of nitre, but it is remarkable that beat alſo, 
without any addition of phlogifton, produces the 
fame effect; as may preſently be obſerved by heat- 
ing a quantity of the paleſt coloured ſpirit. This is 
a phenomenon exactly ſimilar to that of the tubes 
and phials filled with the nitrous vapour, which alſo 

aſſume a deeper colour when they are made warm. 
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SECTION III. 


Of = Colour of the Ni jrous Had. 


FH AVE obſerved that heat never fails to give 4 
high orange colour to the paleſt ſpirit of nitre, 
and that with the leſs heat the acid is made, the 
lighter the colour of it will be. Having purpoſely 
made the proceſs for diſtilling this acid with as little 
hear as poſlible, and taking care to have no phlo- 
giſtic matter in the materials, I procured a large 
quantity of the acid (that which came in the middle 
of the diſtillation) as nearly as poſſible quite colour- 
leſs, like water, and yet of the ſtrongeſt ſort, . 


I have alſo obſerved afarther, and a very remark, 
able change of colour in the phlogiſticated nitrous 
acid, after being kept a long time in phials with 
good glaſs ſtoppers, For from being of the deepeſt 
orange, it has become quite green, the ſuperincum- 
bent vapour continuing {till of an orange colour. 
This change I firſt obſerved in a conſiderable 
quantity of nitrous acid, which had been of a light 
ſtraw colour, and had aſſumed the deepeſt orange, 
4 . 


16 OBSERVATIONS ON Pan J. 


by expoſure to heat in a glaſs tube hermetically ſeal- 
ed. This was alſo the caſe with ſeveral quantities 
of the acid incumbent on the cryſtals of oil of vi- 
triol, of which I ſtall make frequent mention; and 
in oge of the phials it had paſſed from green to a, 
deep blue. 

I muſt. alſo take notice, in illuſtration of this 
fact, that, in the proceſs for producing the nitrous 
vapour, viz. the rapid ſolution of biſmuth, the lis 
quid that comes over, mixed with the vapour, and 
which drops now and then from the end of the tube. 
out of which the vapour iſſues, is . of a 
deep blue. Ke 
_ Laſtly, if a quantity of this deep green acid be 
put into a large phial, where the vapour has liberty 
to expand itſelf, it reſumes its orange colour, This 
I have alſo obſerved is the caſe on pouring it on 
concentrated vitriolic acid. 

J have ſince that made many more  obler- 
vations relating to the colour of this acid; 
and 1 think I have decifively proved, that neither 
this acid, nor the muriatic, have, naturally, any 
more colour than the vitriolic acid, or than water 
itſelf ; being able to give them colour, change it, 
or wholly take it away at pleaſure ; and ſome of the 
circumſtances in which theſe en take place a are 
not a little remarkable. 
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The facts that I ſhall relate prove that it is either 
phlogiſton, or mere beat, that gives colour to this 
acid, that this colour may alſo be all expelled by 
heat; but that continuance of heat will give it 
more colour, and deepen it at pleaſure, ſo that 
more heat, in glaſs veſſels hermetically ſealed, ſeems 
to have the ſame effect with phlogiſton. But, 
more probably, heat affects it in ſuch a manner, as 
to develope, as it were, the phlogiſton it contained 
before, and put it into à new fate, rendering that 
part of the acid to which it is attached both more 
volatile, and alſo diſpoſed to reflect the rays of 
light in a particular manner; whereas, before this 
action of the heat, the phlogiſton was latent, at 
leaſt, did not evidence itſelf by thoſe particular 
effects. It will appear, however, hereafter, that 
heat gives colour to the nitrous acid by expelling 
the pure air, which leaves the reſt phlogiſticatddt. 
On the firſt of Auguſt, 1977, I reſumed my 
experiments on this ſubject; when, having provided 
a ſand furnace, to be kept hot for a conſiderable 
time, for many purpoſes that will be mentioned in 
the courſe of this volume, I put a quantity of ftrong 
and pale coloured ſpirit of nitre into a glaſs tube, 
about an inch in diameter, and three feet long ; and, 
ſealing it hermetically, I placed it in the warm 
ſand. Taking it out after ſome time, I found it 
orange coloured; and though it was more deeply 
Vol. III. . coloured 
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coloured while it continued hot than it was after- | 
wards, it retained ſo much of the colour, as to be 
ever after of as deep an orange colour as -ſpirit of 
nitre is generally found to be, And though before 
this - proceſs the vapour riſing from it was quite 
colourleſs, there being nothing viſible above the 
furface of the acid, in the phial from which it was 
taken, the whole tube (which I have obſerved: was 
three feet in length) was uniformly filled with the 
dark orange coloured vapour. 

This proceſs being performed in a glaſs tube 
hermetically ſealed, I was fully ſatisfied, that this 
colour which the acid had aſſumed could not be 
owing to any thing beſides heat. That it was not 
owing to any thing peculiar to the glaſs of lead, 
of which, in a great meaſure, flint glaſs conſiſts, 
was evident from obſerving the ſame effect on the 
acid when the experiment was made in common 
green, or bottle glaſs. 

Having about the ſame time expoſed to a heat 
of ſome continuance ſeveral quantities of blue and 
green ſpirit of nitre, it may not be improper to 
note the reſults of theſe experiments in this place. 
In one inſtance, the green ſpirit of nitre became 
orange coloured; but when it was cold it was 
almoſt as green as at firſt, though there was evi- 
dently a mixture of yellow in it. 


When 


n 
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When I had expoſed a quantity of blue ſpirit 
of nitre in a long glaſs tube a few days, the blue 
colour was barely perceivable. It was placed in 
the ſand furnace on the 23d of Auguſt, and on 
the goth of September following it was entirely 
colourleſs, and had no viſible red vapour over it 
when cold. 

T alſo expoſed to a very 4 heat a anal 
phial with a ground ſtopper, almoſt filled with a 
deep blue nitrous acid, when it preſently aſſumed a 
deep green, and when it was cold it reſumed irs 
former blue colour. In this experiment the heat 
had not been continued ſufficiently long to produce 
à permanent change of colour. For, having ex- 
poſed to a moderate heat, in a long glaſs tube, 


hermetically ſealed, a quantity of blue nitrous acid, 


it loſt its blue colour, and aſſumed a yellow one; 
and when it was cold the blue colour did not re- 


turn, except in the ſmalleſt degree. 


I did not, however, come to this concluſion 
concerning the cauſe of the change of colour in 
this acid in the ſummary manner above deſcribed; 
but in conſequence of a ſeries of obſervations, at- 


tended with a variety of circumſtances; ſome * 


which were remarkable enough. | 
A little time before 1 had made the experiments 
above recited, I had begun a new mode of examin- 


ing a variety of fluid ſubſtances; which was to 
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put a ſmall quantity of the fluid into a glaſs tube, 
three or four feet long, and ſealing it hermetically, 
to expoſe the end containing the fluid to as great 
a degree of heat as I found it could bear; and to 
keep it in that heat a conſiderable time. My de- 
ſign in providing tubes of this length was to give 
room enough for the vapour to expand, and con- 
denſe in the remote and cool end of the tube, while 
it was boiling in the other end. 

In this manner I expoſed to the influence of hook 
a ſmall quantity of ſpirit of nitre, as I had done a 
variety of other fluid ſubſtances, without any par- 
ticular expectation. 

The acid, however, no ſooner felt the heat cud 


it exhibited appearances that engaged my attention 
very ſtrongly. _ 

The ſpirit of nitre I made uſe of was of the 
ſtrongeſt and paleft ſort, without the leaſt perceiv- 
able red vapour over. the ſurface of it. The glaſs 
tube in which it was confined was about four feet 
long, and about one third of an inch in diameter, 
and the ſpace occupied by the acid was two inches 
in length. The tube thus prepared I held in my 
hand, preſenting the end in which was the ſpirit 
of nitre to a common fire, and holding the tube 
in an inclined poſition, The firſt effect of the 
heat to which it was expoſed, was its aſſuming an 
orange colour throughout. After this, a deep 

I orange 
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orange coloured vapour, appeared above the ſur- 
face of the acid, and gradually aſcended higher 
into the tube, at the ſame time that the acid itſelf 
grew paler, and at length became quite colourleſs, 
like waer. all the colouring matter being, to _ 
peararie, driven out of it. 
This red vapour kept riſing higher and higher 
in the tube, leaving a conſiderable ſpace, ſome times 
of ten or twelve inches, between it and the acid, 
all which ſpace was quite tranſparent. This was 
a very pleaſing appearance, and it was amuſing to 
obſerve the ſpace. occupied by the red vapour, 
which extended three or four inches, every thing 
elſe in the tube above and below it being tranſ- 
parent, and the red ſpot itſelf receding from the 
acid as the heat increaſed, or SEEING to it as 
the heat diminiſhed, $26 
I obſerved, however, that by the continued ap- 
plication of heat the quantity of red vapour in- 
creaſed, and the colour grew manifeſtly deeper. 
I then withdrew it from the fire, and preſently ſaw the 
red vapour deſcend lower. and lower, till it reached 
the colourleſs acid at the bottom of the tube, and, 
entering into it, communicated to it its own orange 
colour. But when it was quite cold, I did not, at 
that time, perceive that the acid was of a deeper 
colour than it had been at the commencement of 
the proceſs, and no viſible vapour remained r 
8853 C 9 it. 
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it, To produce a permanent colour, as I obſerved 
before, more time was requiſite. 

When one of theſe tubes had been 4 
heated two or three times, and the laſt time had 
been expoſed to a boiling heat for about an hour 
(the heat having been ſuch as to keep the acid 
quite colourleſs, and likewiſe to make a large co- 
lourleſs ſpace above the acid) I let it cool in a very 
good light, and then obſerved, that as the red va- 
pours deſcended, and the condenſed liquor, highly 
charged with it, trickled down the tube, and mixed 
with the colourleſs acid below, it made vaves in 
the acid, ſomething like oil in water, or rather like 
the mixture of a ſtrong acid in water, and that 
this denſer acid deſcended in theſe viſible waves 
to the very bottom of the liquor ; and yet when 
the depth of the acid was about two inches, the 
upper part was ſenſibly darker coloured by this 
means than the lower. I alſo obſerved, that while 
the acid was acquiring its colour, as long as it con- 
tinued tolerably warm, a vapour kept iſſuing out 
of it, and dancing in a beautiful manner to the 
heighth of an inch, or two inches, above the ſur- 
face of it. 

I had ſeveral tubes in which this proceſs had 
been performed, one of which was an inch wide, 
and three feet long; and though it had only a ſmall 
quantity of acid in it, originally of a pale colour, 
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and without any viſible vapour, the whole of that 
large tube was filled with the denſeſt orange co- 
loured vapour expelled in this manner from the pale 
acid, and it continued ſo more than a year, without 
any appearatice of the vapour entering into the acid 
again; except that the colour of the acid, from 
being of a deep orange, which it retained a con- 
fiderable time, became quite green. This was alſo 
the caſe with a pretty large quantity of the acid, 
which had been quite pale, but was made of a deep 
orange, by expoſure to heat in glaſs veſſels her- 
metically ſealed, and in that ftate transferred into 
a phial with a ground ſtopper, and which was kept 
cloſe ſhut near a year. | 
I had now tubes filled with the red vapour of 
ſpirit of nitre exactly reſembling thoſe of which 
an account will be given hereafter, made by the 
rapid ſolution of biſmuth in ſpirit of nitre; and I 
found that theſe had the very ſame property. For 
whatever part of theſe tubes I heated with the flame 
of a candle, it became of an intenſely orange, or 
red colour, while the parts both above and below 
it, which were not heated, remained unchanged. 
Having been much pleaſed with this expul- 
ſion of all the colouring matter from a quantity of 
ſpirit of nitre ; and ſeeing it in the form. of vapour 
confined to the ſpace of four or five inches, in the 
middle of a very long glaſs tube, which was quite 
C 4 tranſparent 
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tranſparent above and below it, I made ſeveral at- 
tempts to ſeparate this coloured vapour from the 


fluid, out of which it had been expelled, by melt- 


ing the tube in the intermediate colourleſs ſpace, 
and ſealing it hermetically. But theſe attempts 
were in vain, on account of the increaſed expanſive 
force of the vapour in that heated ſtate, The air 
was expelled from the acid, which I was not then 


aware of. 


I imagined that I might, by this means, when 
the tube was quite filled with red vapour, and cold, 
take it off from the acid, and preſerve it red and 
dry, or nearly ſo. But in attempting this, I pre- 
ſently found that there had been a great increaſe 
of elaſtic matter within the tube. For the moment 
I had a little ſoftened a part of the tube, in order 
to take it off from the reſt, the red vapour ruſhed 


out with great violence. It is poſſible, however, 


by this means, to get a tube filled with a moderately 
red vapour. But ſoon after I hit upon a much 
eaſier method of effecting the ſame thing. 

Though I could not ſeparate the red vapour 
from the colourleſs acid while 1t was boiling, it 
was very eaſy, I found, by boiling the acid in a 
ſhort tube, or phial, to expel all the colowing mat- 
ter from it, and thus to get a quantity of ſpirit of 
nitre quite free from all colour; which I accord- 


| ingly did, and then imagined that, the coloured 


vapour 
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vapour being wholly expelled from it, the acid 
would always continue colourleſs. And ſo, indeed, 
ic did after it was quite cold; and it will continue 
without return of colour, and be but little diminiſh- 
ed in-quantity, or impaired in ſtrength, ſo long as 
it is kept from the contact of any thing that con- 
tains, phlogiſton, or from much heat. But, to my 
great ſurpriſe, at that time, I found that either of 
thoſe circumſtances would make this colourleſs acid 
reſume its former colour, or acquire a- deeper one 
than it had before, It was, however, by accident, 

that I firſt learned this. 1 
Having procured a quantity of nitrous acid quite 
colourleſs, I put a part of it into a phial which 
had a common cork (a phial with a glaſs ſtopper 
happening not to be at hand) and not ſuſpecting 
that this circumſtance would affect the colour of 
the acid, which was a conſiderable diſtance from 
the cork. I found, however, after two days, when 
I took out the cork, that the acid ſmoked very 
much, and had completely recovered its original 
yellow colour, fo as not to be diſtinguiſhed at ſight 
from what it had been before the colouring matter 
had been expelled from it. I then took a part of 
this acid, and incloſing it in a glaſs tube, which I 
ſealed hermetically, expoſed it to the heat as be- 
fore, when it became of an orange colour; and 
reſuming the proceſs in an open tube, I drove out 
the 
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the colouring vapour once more, and made the 
acid a ſecond time tranſparent. 
I found, however that a little phlogiſtic matter 
has a quicker and more remarkable effe& on this 
colourleſs acid than mere heat. I put a part of the 
colourleſs acid into one of the tubes above-men- 
tioned, and kept it boiling a whole day before the 
fire, and the night following in a fand heat, with- 
out being able to perceive any ſenſible change in 
it, though a ſlight redneſs was apparent on the firſt 
application of the heat. But having put another 
part of the ſame original quantity of the colourleſs 
acid (which from the preceding experiment will 
de judged to have been very weak) into a phial 
with a common cork, at the diſtance of an inch 
from it, I obſerved that in a few hours only, the 
upper part of the acid was become yellow, and 
the next morning it was yellow throughout, exactly 
like the beſt nitrous acid when freſh made. 
But no inſtance of a change of colour in this 
acid by heat was ſo very remarkable as the follow- 
ing, Having put a ſmall quantity of pale colour- 
lefs acid, into a ſhort glaſs tube, and almoſt bury- 
ing it in the hot ſand, I found the next morning, 
that the whole tube was quite filled with red va- 
pour, and the acid itſelf was quite red, and per- 
fectly opaque, and to appearance a little viſcid, like 
red ink, Neither before, nor ſince, have I ever 
|  - +60 
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attempts to procure a very ſtrong ſpirit of nitre, 
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ſcen nitrous acid in that tate. It even retained 


the ſame appearance which was not orange, but a 


proper and a very deep red. Being quite cold, I 
could examine it at my leiſure. - It was the by 
appearance I ever had of the kind. | 

Replacing the ſame tube in the fand heat; am 
taking it out ſome time after, the acid was of a 
deep orange while hot, but not very deep, and 
rather of a pale colour when cold; but there was 
a little whitiſh matter formed on different parts of 
the glaſs, of which a farther account will be ny 
preſently. 
I ſoon found that the cloſe confinement of he va- 
pour contributed greatly to this change in the acid. 
A quantity of colourleſs acid being put into a ſhort 
thick tube hermetically fealed, and placed in the 
ſand heat, in about an hour had red fumes, and 
in an hour more the acid was orange coloured. 
Whereas a quantity of the ſame acid confined” in 
a long tube the ſame time, and in the ſame degree 
of heat, had acquired red fumes only, while the 
acid itſelf remained colourleſs. | 

In all the circumſtances in which much heat 
is given to ſpirit of nitre, it neceſſarily acquires 4 
deeper colour. This is the reaſon why, in all my 


by uſing concentrated vitriolic acid, and boiling 
the nitre, in order to expel the water it contained, 
it 
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it was always of an orange colour, For, in this 


caſe, the mixture of the oil of vitriol and nitre 


was attended with great heart. F 0 
believe that any degree of heat, ſufficient to 
throw the acid into the form of vapour, will always 
give it more colour than it had before. This I 
found to be the caſe when I re. diſtilled a quantity 
of ſpirit of nitre from freſh nitre, in order to purify 
it from any vitriolic acid that might remain in 
it. The reſult of this proceſs was an acid of a 
deeper colour, and that ſmoked more than it did 
before. 
Heat is not neceſſary to make ſpirit of nitre 
colourleſs. For expoſure to the open air does the 
fame thing, and probably with leſs diſſipation of 
the acid. During this expoſure to the open air, 
the nitrous acid, if it be ſtrong, increaſes conſider. 
ably in bulk and weight, in which it reſembles the 
vitriolic acid, though this is not in the ſmalleſt de- 
gree volatile. In order to obſerve more diſtinctly 
the whole of this proceſs, ſome time in the month 


of July, 1777, 1 expoſed to the open air, in a. 


common glaſs tumbler, about three ounces of orange 
coloured ſmoking ſpirit of nitre. In a day or two 
it was quite colourleſs, but a fly, or any ſmall ſub- 
ſtance containing phlogiſton, falling into it, would 
colour the ſurface of it again for a conſiderable 
fan, * at length theſe accidents had leſs ef- 
| fect 
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fect upon it. This acid kept increaſing in bulk 
to the April following, when the quantity was con- 
fiderably more than doubled ; but from that time 
it began to decreaſe, and continued ſo to do til! 
more than half that it had gained was gone, after 


which it continued very much the ſame for ſeveral 
months, 


The circumſtances relating to the white matter, 
which I have obſerved was formed by the nitrous 
acid in glaſs tubes hermetically ſealed, and expoſed 
to a continued heat, I am not able to explain. 
I firſt obſerved it in that ſhort tube in which the 
phenomena of the colour of the acid were fo very 


remarkable, and indeed ſingular ; but afterwards it 


never failed to make its appearance whenever the 
acid had been long confined, and expoſed to much 


heat, but the quantity procured was too incon- 


ſiderable to make many experiments upon it. 


It was on the 25th of September that I obſerved. 
this white, or yellowiſh, matter in the tube above- 


mentioned. On the Zoth of the ſame month, I 


obſerved that the colour of the acid was rather 
lighter, and beſide that whitiſh matter at the bot- 
tom of the tube, there was a ſimilar concretion 
adhering to the ſides of the glaſs, juſt above the 


ſurface of the acid, the colour. of which was partly 
yellow, and partly gręen. 


* —— 


Having 
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. Having got more of this white matter in other 
tubes, I obſerved that it was eaſily ſcraped off from 
the glaſs, and left it tranſparent, ſo that it ſeems to 
be ſomething depoſited from the acid, and not an 
abraſion of the glaſs. It was not at all affected by 
diſtilled water, but ſpirit of ſalt diffolved it entirely, 
and became of a yellow colour inclining to orange. 
Applying the flame of a candle to that part of the 
glaſs tube on which ſome of this white matter lay, 
it was diſſolved, and diſperſed in white, not red va- 
pours, An earthy pellicle remained, not eaſily 
affected by heat, but it was diſperſed when it was 
made red hot with a blow pipe. This pellicle 
adhered firmly to the glaſs, but in time it was com- 
pletely diſſolved by ſpirit of ſalt, which aſſuined 
the colour above- mentioned. 

It is pretty evident, from this obſervation, that 
this matter did not really contain ſpirit of nitre as 
fuch. For had it contained the proper nitrous acid 
combined with any earthy matter, as the calx of 
the lead in the glaſs, the ſpirit of falt could not, 
I apprehend, have decompoſed it. In other reſpects 
it had very much the appearance of minium be- 
come white by imbibing nitrous vapour. But this 
is not at all affected by ſpirit of ſalt. 

It was evident, however, that wherever this 
white matter was formed, the quantity of the acid 
was 
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was diminiſhed, ſo that it looks as if the acid it- 
ſelf was deſtroyed, and converted into . of 
a different n nature. 


SECTION IV. 
On the Pblogiſticatian of Spirit NMure. 


N the preceding experiments, 1 found that the 

colourleſs acid became ſmoking, or orange co- 
| loured, and emitted orange coloured vapours, on 
being expoſed to heat in long glaſs tubes, hermeti- 
cally ſealed ; and I then concluded, that this effect 
was produced by the action of heat, evolving, as 
it were, the phlogiſton previouſly contained in the 
acid, Afterwards, having found that it was not 
heat, but light only, that was capable of giving co- 
lour to ſpirit of nitre, contained in phials with 
ground ſtoppers, in the courſe of ſeveral days ; 
and that in this caſe the effect was produced by the 
action of light upon the vapour, which gradually 
imparted its colour to the liquor on which it was 
incumbent, I was led to ſuſpect, that as the glaſs 


4 tubes, 
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tubes, in which I had formerly expoſed this acid 
to the action of heat, were only held near to a fire, 
in the day-light, or candle-light, it might have been 
this kght, which, in theſe circumſtances, had, at 
leaſt in part, contributed to produce the effect. | 
In order to aſcertain whether the light had had 
any influence in this caſe, I now put the colourleſs 
ſpirit of nitre into long glaſs tubes, like thoſe which 
I had uſed before, and alſo ſealed them hermeti- 
cally, as I had done the others; but, inſtead of 
expoſing them to heat in the open air, from which 
light could not be excluded, I now ſhut them up 
in gun barrels, cloſed with metal ſcrews, ſo that it 
was impoſſible for any particle of light to have ac- 
ceſs to them; and I then placed one end of the 
barrels ſo near to a fire as was ſufficient to make 
the liquor contained in the tube to boil, which I 


| could eaſily diſtinguiſh by the ſound which it yield- 


ed. The conſequence was, that in a ſhort time 
the acid became as highly coloured as. ever it had 


been when expoſed to heat without the gun barrel, 


It was evident, therefore, that it had been mere 
heat, and not hight, which had been the means of 
giving this colour to the acid, and which has been 
uſually termed phlogiſticating it. 
When I made the former experiments, I had no 
ſuſpicion that the air contained in the tube had any 
concern in the reſult of them; and, in thoſe which 
I made 
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I made in the phials in a moderate heat, I found 
that the acid received its colour when the beſt va- 
cuum that I could make with an air pump was over 
it, 923 
My friend Mr. Kirwan, however, having always 
ſuſpected, that the air was a principal agent in the 
buſineſs, I at this time gave particular attention to 
this circumſtance; ſuppoſing that, if any part of 
the common air had been imbibed, it muſt have 
been the pblogiſticated, and that it was the phlogiſton 
from this kind of air which had phlogiſticated the 
acid. The real reſult, however, was not ſo much 
in favour of this ſuppoſition as I had expected; for 
the principal effect of the proceſs was the emiſſion 
of dephlogiſticated air, ſo that the acid ſeems to be- 
come what we call phlogiſticated, by parting with 
this ingredient in its compoſition. _ 
I put a ſmall quantity of the colourleſs acid into 
a long glaſs tube, which beſides the acid would have 
contained 1.23 ounce meaſures of common air, but 
that the vapour of the acid excluded about one 
twentieth of the quantity. Having ſealed the tube 
hermetically, I ſhut it up in a gun barrel, in the 
manner mentioned above, and-expoſed it to a boil- 
ing heat for ſeveral hours, and then opening it un- 
der water, there came out of it 2.03 ounce mea- 
fures of air, very turbid and white ; and when it 
was examined, it appeared to be of the ſtandard 
Vol. III. D of 
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of 1.02, with two equal meafures of nitrous air ; 
| when with one meaſure of the ſame nitrous air the 
ſtandard of the common air was 1.07. The quan- 
tity of phlogiſticated air abſorbed in this experiment 
I aſcertainedby the following computation. 


As one meaſure of common air, and an equal 
quantity of nitrous air were reduced to 1.07 m. it is 
evident, that 0.93 m. had diſappeared ; but as this 
was effected by the nitrous air uniting with all the 
dephlogiſticated air contained in the common maſs, 


and as they unite in the proportion of one meaſure . 


of dephlogifticated air to two meaſures of nitrous 
air, one third of the 0.93 m. viz. 0.31 m. will 
be the quantity of dephlogiſticated air that was con- 
tained in the one meafure of common air on which 
the experiment was made, the remainder, viz. 


0.69, having been phlogiſticated air. The com- 
mon air contained in the tube would have been 1. 23 
oz. m.; but deducting from it one twentieth in the 
whole, it will only be 1.17 oz. m. I then ſay, if 
one meaſure of this air contains 0.69 m. of phlo- 
giſticated air, 1,17 02. m. will contain 0.8073 oz. 


m. of phlogiſticated air. This, therefore, was the 


quantity of phlogiſticated air which had been ex- 

poſed to the action of the acid of nitre in the tube. 

In order to find how much of the ſame kind of 

air was contained in the tube after this proceſs, I 
| Examined 
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examined the reſult above mentioned in the follow- 
ing manner. Since two meaſures of nitrous air, 
and one of this reſiduum, were reduced to 1.02 m 

it is evident, that 1.98 m. had diſappeared, od 
conſequently one third of this quantity, viz. 0.66 m. 
had been dephlogiſticated air, and that the remain- 
der of the meaſure, viz. 0.34, had been the pro- 
portion of phlogiſticated air in one meaſure of this 
reſiduum. If then one meaſure of this reſiduum 
contains 0.34 m. of phlogiſticated air, 2.03 0z. m. 
will contain 0.6902 oz, m. which is leſs than 
0.807 3 oz. m. the quantity contained in it before 
the proceſs : ſo that a part of the phlogiſticated air 
had been either abſorbed or decompoſed, its phlo- 
giſton having been imbibed by the acid at the ſame 


time that it had emitted the dephlogiſticated air. 
In another proceſs of the ſame kind, the glaſs tube 


contained 0.92 oz. m. of common air, and the air 
that came out of it after the proceſs was one ounce 


meaſure, of the ſtandard of 1.6, with two meaſures 
of nitrous air; and computing as I did before, the 
phlogiſticated air in the tube before the proceſs was 
0.6072 oz. m. and after the Proceſs o. 540 z. m. 
In theſe computations it is ſuppoſed, that the air 
emitted by the acid was perfectly pure, ſo that all 
the phlogiſticated air that is found after the proceſs 
is ſuppoſed to have been contained in the common 
air confined 1 in the tube before it was commenced. 
D 2 But 
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But I found, that the air emitted by the acid is by 


no means perfectly pure, fo that much of the im- 
purity mult be aſcribed to this circumſtance. 

In order to exclude all air from the contact of 
the acid, I made a quantity of it to boil in the tube, 
and when the vapour had expelled all the air, I 
ſealed it hermetically, in the manner in which wa- 
ter hammers are made; and then expoſing it to 
heat, found that it acquired as high a colour as 
when air had been confined along with it; ſo that it 
is evident, that air is not neceſſary to this effect. 
When the tube was opened under water, a quantity 
of dephlogiſticated air ruſhed out, exceedingly 
white as before; but when I examined it, I found 
it to be of the ſtandard of only 0.66. When this 
impurity is conſidered, it will appear, that when 
much air is yielded in this proceſs, ſome' phlogiſ- 
ticated air may have been imbibed, though, com- 
puting in the manner above mentioned, the phlo- 
giſticated air after the proceſs ſhould be in greater 
quantity than was contained in the tube before it, as 
was the caſe in the following experiment. $7 

In a glaſs tube which, beſides the acid, contained 
1.13 oz. m. of common air, J expoſed colourleſs 
ſpirit of nitre to heat till it became of a deep orange 
colour; and when it was opened under water, there 
came out of it 2.83 0z. m. of air exceedingly turbid, 
of the ſtandard of 0.66, with two equal quantities of 
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nitrous air, when that of the common air, with 
one equal quantity of nitrous air, was 1.07. Com- 
puting in the manner above mentioned, there was” 
in the tube before the proceſs 0.7477 oz. m. of 
phlogiſticated air, and after the proceſs '0.87 92 02: 
m. But the dephlogiſticated air, amounting to 1.7 
oz. m. being of che ſtandard of 0.66, will be found 
to contain 0.374 oz. m. of phlogiſticated air, which 
being deducted from 0.8792, there will* remain 
only 0.5052 oz. m. which is conſiderably leſs than 
0.7477 OZ. m. 

That the nitrous acid can 9 coloured, with- 
out imbibing any thing from phlogiſticated air, is 
evident not only from its becoming ſo when heated 
in vacuo, as deſcribed above, but alſo, when it was 
in contact with any other kind of air, as free from 
phlogiſticated air as I could make it, - But from the 
manner in which theſe experiments were neceſſarily 
made, it was impoſſible intirely to exclude phlo- 
giſticated air, either as part of the atmoſpheric air, 
or as contained in the impuries of the air that I made 
uſe of; for I firſt filled the tube with ſpirit of nitre, - 
then plunging the orifice of it in a veſſel of the ſame, 
I introduced a quantity of the air which I wiſhed to 
expoſe to it. After this, putting my finger upon 
the orifice, I turned it upſide down, and applying 
to it the cloſed end of a glaſs tube, of about the 
ſame diameter, I ſcaled it hermetically with a blow- 
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pipe as expeditiouſly as I could. This is a neceſſary 
imperfection _ experiment ; but I know not 
how to remedy it, if any of the acid is to be left in 
the tube. However, the phlogiſticated air intro- 
duced in this manner from the atmoſphere, muſt 
have borne a very ſmall proportion to the air in the 


tube; and ſome objection will always remain to the 


experiment from the impurity of the e N 


air made uſe of. 


Having repeatedly obſerved that the acid be- 
came coloured in conſequence of being expoſed to 


heat in contact with any kind of air whatever, I 
expoſed at the ſame time, and in the ſame circum- 
ſtances, three equal quantities of the ſame colourleſs 
ſpirit of nitre, in three nearly equal tubes, one con- 
taining dephlogiſticated, another phlogiſticated, and 
a third inflammable air ; that, if there ſhould be 
any difference in the colouring of the acid in theſe 
caſes, it might be the more eaſily perceived. But 
though I gave all the attention that I could, I did 
not perceive that there was any difference, except 
what aroſe from ſome of the tubes being placed a 
little nearer the fire than the reſt ; and, by chang- 


ing their places, the colour was at length the very 


ſame in them all. 


As in theſe three caſes I examined the air before 
and after the proceſs, in the manner above mention- 
ed, I ſhall juſt recite the particulars, 


of 
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Of che dephlogiſticated air the tube contained be- 
fore the proceſs 1.46 oz. m. of the ſtandard of o. 67, 
and after the proceſs it contained 1 76 oz, m. of 
the ſtandard of 0.77 ; a difference owing in part to 
the mixture of common air, which could not be ex- 
cluded in the ſealing of the tube, and in part to the 
air emitted from the acid hot being pure. 

Of the phlogiſticated air, the tube contained 1.3 
oz. m. and after the proces 1,95 oz. m. of the ſtan- 
dard of 1.38. 

Of the inflammable air, the tube contained be- 
fore the proceſs 1.52 Oz. m. and after the proceſs 
1.9 o:. m. of the ſtandard of 1.8. They were all 
meaſured by a mixture of two equal quantities of ni- 


trous air, 
If theſe reſults be examined as that of tha firſt 


experi ment, with common air, it will be found that, 
in all theſe proceſſes, there was leſs phlogiſticated 
air, or inflammable air, after the proceſs: than be- 
fore; and this reſult being thus uniform, I cannot 
help concluding, that this kind of air is in part de- 
compoſed, and purified by this means; ſo that by 
this emiſſion of dephlogiſticated air which the heat 
expels from the acid, ſomething, and probably 
phlogiſton, is at the ſame time imbibed from it; 
which proves that phlogiſticated air is no ſimple ſub- 
ſtance, but a compound, and that phlogiſton is 
one conſtituent part of it; for this acid acquires the 
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ſame colour, and all the ſame properties, by adding 
to it any ng that is ſuppoſed to contain oe 
giſton. 

As the ſpirit of nitre can be 8 ſmoking, or 
phlogiſticated, by the mere expulſion of dephlo- 
giſticated air, it is evident, that it contains two prin- 
ciples in cloſe affinity with each other, and that no- 
thing is neceſſary to render either of them conſpicu- 
ous beſides the abſence of the other. 

It is alſo natural to ſuppoſe, that, for the ſame 
reaſon that the depblogiſticating principle (as it may 


be called) is expelled, the phlogiſticating principle 


ſhould enter; ſo that the purification of the air in 
contact with the acid may be a neceſſary conſequence 
of the expulſion of the pure air contained in it, the 
whole tending, as it were, to an equilibrium in this 
reſpect. It is therefore by no means difficult to 
conceive, that phlogiſton ſhould be extracted from 
the contiguous air at the ſame time that the dephlo- 
giſticated air not pure (that is, containing a mixture 
of phlogiſticated air) is driven out of it; for the 


acid always containing phlogiſton, whatever air is 


contained in it, and expelled from it, may neceſſarily 
contain phlogiſton or phlogiſticated air; but the 
purer air may be emitted, and the leſs pure air be 
imbibed, till the whole come to be of the ſame qua- 
lity. It may, however, perhaps follow from the 
emiſſion of impure dephlogiſticated air, and the im- 
bibing 
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bibing of phlogiſticated air at the ſame time, that 
the former does not conſiſt of dephlogiſticated and 
phlogiſticated air looſely mixed, but of ſome inti- 
mate union of dephlogiſticated air with phlogiſton, 
though they may be ſeparated by a mixture of ni- 
trous air, and other proceſſes, in the very. ſame 
manner as dephlogiſticated air may be ſeparated 
from a looſe mixture of phlogiſticated air. 

It is evident from theſe experiments, that a red 
heat is not neceſſary to the converſion of nitrous acid 
into pure air, though this proceſs, as appeared by 
my former experiments, produces this effect moſt 
quickly and effectually. 

I cannot help conſidering the ex periments above 
recited to be favourable to the doctrine of phlo- 
giſton, and unfavourable to that of the decompoſition 
of water, though not deciſively ſo, For ſince the 
red vapour of ſpirit of nitre unqueſtionably contains 
the ſame principle that has been termed phlogiſton, 
or the principal element in the conſtitution of inflam- 
mable air, and according to the antiphlogiſtians, 
this is one conſtituent part of water, they muſt ſup- 
poſe, that the water in this acid is decompoſed by 
a much more moderate heat than in moſt other 
caſes, In general, I believe, they have thought a 
red heat to be neceſſary for this purpoſe. It is evi- 

dent, chat the converſion of water into ſteam by 
| boiling, 
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boiling, or by any heat that can be given to it un- 
der the ſtrongeſt preſſure, has no tendency what- 
ever to decompoſe it. But if the mere boiling of 
water in nitrous acid could produce this effect, I 


do not ſee why the ſame ſhould not be the caſe 


when water alone is boiled. 

T think it will alſo be more difficult to explain the 
purification of the incumbent atmoſpherical air on 
the antiphlogiſtic than on the phlogiſtic hypothe- 
fis, whatever be the conſtitution of phlogiſticated 


As, in the experiments above mentioned, heat 
without light gives colour to the nitrous acid, and 
the reflection or refraction of light is always attended 
with heat, it may perhaps be heat univerſally that is 
the means of imparting this colour, though the 
mode of its operation be at preſent unknown. And 
in theſe experiments, as well as the former, it is 
the vapour that firſt receives the colour, and im- 
parts it to the liquid when it is ſufficiently cold to 
receive it. | 

The ruſhing out of a quantity of turbid white 


air from a tranſparent tube, quite cold, is a ſtriking 


phænomenon in theſe experiments. It may be 
worth while to examine of what it is that this re- 
markable cloudineſs of the air conſiſts, There is 


the * appearance, as I have more than once 


obſerved, 
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obſerved, in the rapid production of any kind of 


air, which is perfectly tranſparent as it paſſes along 


the glaſs tube through which it is tranſmitted, till 
it comes into contact with the water in which it is 


= 


N. B. The mixture of nitrous air with'common 


air, mentioned in this ſeftion, was made with agi- 


SECTION v. 


Of the Compoſition of Spirit of Nitre from daun. | 


cated and inflammable Air. 


HAT water conſiſts of two kinds of air, de- 
phlogiſticated and inflammable, is now, I be- 
lieve, generally admitted as one of the moſt impor- 
tant, and beſt aſcertained, doctrines in chemiſtry. 
My own experiments having ſeemed to favour it, I 
made no difficulty of receiving it myſelf; but having, 
at the time of the publication of the laſt of the ſix vo- 
lumes of my experiments, found that, in decompoſing 
the two kinds of air above mentioned by the electric 
ſpark, I got much leſs water than I expected, and, in- 


ſtead of it, adark coloured vapour, not eaſily condenſed, 


I could 


'% 
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I could not help concluding that ſomething yet re- 
mained to be inveſtigated with reſpect to this ſub- 
jeR, and determined, at a proper n 
reſume my inquiries into it. 

At that time, however, I had no ſuſpicion of 
any acid being produced in the proceſs ; having ne- 
ver been able to find any in the water which I had 
hitherto procured in pretty large quantities from the 
decompoſition of thoſe two kinds of air, though the 
doctrine of dephlogiſticated air being, or containing, 
the principle of univerſal acidity, had been advanced 
by M. Lavoiſier, and admitted by myſelf and 
others. 

Suſpecting that much of the water which had bern 
procured in the above mentioned proceſs was no 
proper conſtituent part of the air, but only ſuch as 
had been diffuſed through it, and in ſome manner 
attached to it, and kept ſuſpended in it, and there- 
fore might be ſeparated from it, without decom- 
poſing the air ; on reſuming theſe experiments, I . 
uſed every precaution I could think of to detach all 
water from the air on which J operated. In order 
to this, I kept it confined by mercury, together 
with a quantity of fixed ammoniac, which imbibes 
water more readily, if not in greater quantity, than 
quick lime, or any other known ſubſtance, 

In this more accuiate. method of making the ex- 
periment, I was gradually led to diſcover the acid, - 
which 
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which had eſcaped my obſervation before. But 1 
am not certain that I ſhould have found it even now, 
ifT had not been aided by. the ſagacity of Mr. Keir, 
who was always of opinion, that ſome acid muſt be 
the produce of this experiment, or rather that the 
produce would be ſomething which would become 
acid by expoſure to the open air. 

I began with making the exploſions in"ths ſhine 
glaſs veſſel from which the mixture of air had dif- 
placed the mercury with which it had been filled; 
when I found, as I have obſerved in my laſt publi- 
cation, the whole of the veſſel was filled with a denſe 
ſmoke, which ſettled into a black coating of all the 
inſide of the veſſel, and which appeared, as before, 
to be mercury ; .becoming white by expoſure to the 
air, For ſome time I perceived no appearance of 
water ; but placing the veſſel at a proper diſtance 
from a fire, I found about a quarter of a grain col- 
lected on the oppoſite ſide ; when, as the veſſel 
contained four ounce meaſures of air, the water 2. 
duced ought to have been at leaſt a grain. | 

The mercury being an impediment in this pro- 
ceſs, I afterwards confined the mixture of air in one 
veſſel (with mercury and fixed ammoniac as before) 
but I made the exploſions in another, which I had 
previouſly exhauſted of air. This veſſel was larger 
than that which I had uſed before, containing ſome- 
thing more than eight ounce meaſures ; ſo that the 


air 
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air it contained, being one third dephlogiſticated and 
two thirds inflammable, would have weighed about 
two grains. After one exploſion the quantity of 
water collected appearing inconſiderable, I repeated 
the proceſs in the ſame veſſel, and then collecting 


I repeated this experiment very often, and con- 
ſtantly found ſome water, but it always fell far ſhort 
of the weight of the air decompoſed. There muſt, 
therefore, have been ſomething not very fluid ad- 


be diſlodged by a moderate heat; and indeed the 
glaſs did not recover the perfect clearneſs that it had 
before the proceſs. 

I always obſerved, that, preſently alter every ex- 
ploſion, the veſſel was filled with a denſe vapour, ſo 
that it was ſometimes impoſſible to ſee through it; 
and before I admitted the external air, I could pour 
it from one end of the veſſel to the other, and it 
ſeemed to fall almoſt as faſt as a feather in a com- 
mon vacuum, and in general it did not diſappear in 
leſs than ten minutes. I even found this denſe va- 
pour when the mixture of air had been confined by 
water. The ſmell of the veſſel, after the proceſs, 
was that of the moſt offenſive kind of inflammable 


air from i iron. 


From 


the water, I found it not to exceed a grain and * 


hering to the ſides of the veſſel, which could not 
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From theſe experiments it was ſufficiently evi- 
dent, that ſomething more than water had been 
produced; and pouring into the veſſel a quantity of 
the juice of litmus, it was inſtantly turned to a deep 
red; ſo that it was equally evident, that an acid 
had been formed. In all the preceding experiments 
the dephlogiſticated air had been procured from 


manganeſe; and in all the experiments mentioned 
in this ſection, the inflammable air was from iron by 


water only. . | ' 
A great number of ſtrong glaſs veſſels having been 
broken in theſe experiments, and ſometimes with 
ſome hazard to myſelf, and the quantity of air that 
I was able to decompoſe in them being ſmall, I next 
procured a copper veſſel, which contained about thir- 
ty fix ounce meaſures of air; and having now no 
other object than diſcovering the kind of acid that ! 
had procured, I made repeated experiments in it ; 
and after every ten or twelve exploſions collected 
all the liquid matter I could find; which, as the 
air had been previouſly confined by water, was 
pretty conſiderable, about equal to the weight of the 
air, | | =T 
The liquor that I procured in this manner was 
always of a deep blue or green, being evidently a 
ſolution of copper. But it alſo contained a redun- 
dant acid, as appeared by its turning the juice of 
litmus red, Beſides this blue liquor, there was 
| | always 
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always a quantity of ſeemingly abraded copper; for 
it was perfectly and quickly diſſolved by volatile 


alkali, as copper very minutely divided would have 


been. 

In theſe experiments I uſed, at different times, 
dephlogiſticated air from manganeſe, from red preci- 
pitate, and from red lead, as the moſt unexceptionable 
of all ; and as it was obligingly furniſhed me by Mr. 
Keir, the preparation of it may be depended upon. 
There did not, however, appear to be any other 
difference in the liquors produced by means of theſe 


kinds of dephlogiſticated air, except in the ſhade of 


the colour ; that from manganeſe being of the deep- 
eſt blue, and that from red lead the lighteſt ; and 
this difference might be accidental. 
© By the aſſiſtance of Mr. Keir I examined theſe 
ſolutions of copper, and preſently found, by means 
of a ſolution of terra ponderoſa in ſpirit of ſalt, that 
it was not, in any of the caſes, the vitriolic ; and yet, 
as the dry ſubſtance left by the evaporation of the 
liquor did not deliqueſce, I had concluded, that the 
acid was neither the nitrous, nor the marine; but 
Mr. Keir informs me, that this is the caſe with 
- a fully ſaturated ſolution of copper in ſpirit of nitre. 
Alſo Dr. Withering, who was ſo obliging as to 
examine ſome of theſe liquors for me (for, not being 
much accuſtomed to theſe analyſes, I had requeſted 
him to undertake it) had procured from that in the 
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cryſtals of nitre, and other indiſputable indications — 
of nitrous acid; ſo that I was ſatisfied that it was 
this acid that was produced in all the caſes..., 

I had a farther proof of the acid being the ni- 
trous, that having (in order to get a quantity of 
liquor that. ſhould be as little ſaturated with any 
metal as poſſible) uſed a veſſel of tinned iron, I 
found; that after ſome time, when the tin had been 
much corroded (and with every proceſs a conſider- 
able quantity came away) the liquor, which at firſt. 
was colourleſs, was tinged with red, In theſe ex- 
periments I made uſe Mrs; 1% tl 
red lead; | 

As both the Nd of air made al af in theſs 
experiments mere exceedingly pure, it ſeems evi- 
dent, that air does not contain all 
the elements of nitrous acid ; but only ſupplies a 
baſe for it, the dephlogiſticated air (which was uſed 
in a greater proportioh in the yaluable experiment 

of Mr. Cavendiſh) ſupplying the acidifying prin- 

_ ciple, as I had conjectured. Beſides; though all 

phlogiſticated air could not be excluded in thoſe 

experiments in which, the air pump was uſed; this 

objection cannot well bz made to thoſe in which 
that inſtrument was nat uſed; and in them the 

ſlowly condenſable vapour above-mentioned ſeems 

to be an evident ſymptom that the produce was 
Vor. III. E not 
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not mere water. But it — nnfwer to 
this objection, from the preſence of phlogiſticated 
#r in the tube, that this kind of air is not decom- 
poſed, or at all affected, by this proceſs, as will be 


found by mixing any quantity of it with the two 
other kinds of air. 


That a conſiderable quantity of water enters into 

the compoſition of dephlogiſticated air, will not be 
thought improbable, when it is conſidered that, 
in my former experiments, this appeared to be the 
caſe with reſpect to inflanmable air. For without 
water this air cannot be procured. I can alſo now 


| tay, that the fame is the caſe with reſpect to fired 


air. It is not therefore improbable, that the ſame 
may be true of every other kind of air, liace water 
is uſed in the production of them all. ' | 
K 8 —— preceding: Li bed fawn dhac 
the decompoſition/of dephlogiſticated und inflam- 
mable air, by means of the electric fpark, produced 
an acid liquor, which Dr. Withering found to be 
the nitrous; though I ſhould have obſerved, that 
he expreſſed fome doubt whether the liquor did 
auen eee ee ee le eee "tho th. 
trous. 
| Chen Boer ae eee ee 
the quamity of acid producibie from a given quan- 
tity of air; and with this view I gave Mr. Keir 
ONE ARREST AY CO 
dcecom- 
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; decompoſition. of about five hundred ounce mea - 


ſures of dephlogiſticated air, and the uſual propor- 


tion of inflammable air mixed with it. The liquor, 


he informed me, was 442 grains, of the ſpecific 
gravity. of 1022 (that of water being 1000) and 
that it contained as. much acid as was equivalent 
to 12.54 grains of concentrated acid of vitrial : 
which quantity of vitriolic acid is capable of fa- 
turating as much vegetable fixed alkali as is con- 
tained in twenty two grains and à half of dry nitre, 
or about twenty three grains and a quarter of nitre 
cryſtallized in mean temperature. The ſediment 
of the ſame liquor he alſo ſuppaſed WO 
leaft, as much acid as the liquor itſelf, 
This.chis Se ee mock; ach; bee 


evident from this circumſtance, that, when it.is firſt 


formed, it often emits ſmall bubbles, which riſe 
to the ſurface of the liquor, and continue to do ſo 


 @ conſiderable time. This was more particularly 
the caſe with the ſediment which I had from the 


tinned iron tubes. Theſe ſmall bubbles, I imagine, 
conſiſt of nitrous air (formed from the ſuperabun- 
dant acid vapour adhering to the metal and the 
water in the liquor) becauſe when a phial, half 
filled with this liquor, had ſtood about a week, the 
air on the ſurface of it inſtantly, and repeatedly, 
„ 
9 : 


E 2 From 
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From the preceding data, given me by Mr. 
„Keir (and making allowance for the indefinite 
quantity of water contained in the concentrated acid 
of vitriol) I am inclined to think, that not much. 
more than one twentieth part of dephlogiſticated 
air is the acidifying; principle, and that nineteen 
parts are water, 

This, I would however obſerve; relates to air 
fully faturated with water, in conſequence of its 
having been kept in jars ſtanding | in water, ſo that 
I think it poſlible that the water in the drieſt de- 
phlogiſticated air may not amount to more than 
nine tenths of its weight. But I have not aſcer- 
tained, by any experiment, how much water any of 
the kinds of air are capable of holding in adiffuſed 
ſtate, without being any RY. part of their 
conſtitutionC. 

Though Mr. Keir found the greateſt part of the 
acid in the liquor with which I furniſhed him to 


Reflecting farther on the ſubject, and eſpecially on the quan- 
_ tity of phlogiſticated acid vapour that eſcapes in all theſe proceſſes, 
I think there is reaſon to conclude, that there is much more of the 
acidifying principle, and leſs of water, in the compoſition of de- 
' Phlogiſticated air than is here ſuppoſed. By making the experi- 
ment with more care, and eſpecially allowing the tube more time 
to cool after each exploſion in it, I have actually found more acid 
than I had when this article was firft written. Still, however, I 
ſhould imagine, that without ufing particular care to dry 21 8057 
the acid may be only one tenth of the weight. 
be 


taining a ſmall portion of marine acid, by its making 
a precipitation with a ſolution of ſilver in nitrous 
acid, But this mixture of marine acid, he ob- 
ſerves, is conſtantly found to accompany the pro- 
duction of nitre in the operations of nature. Whe- 
ther the different ' ſubſtances from which the de- 
phlogiſticated air was extracted made any differ- 
ence in this caſe, I cannot tell; but that which 1 


which Mr. Keir examined was from manganeſe. 
In the notes which I took of che firſt produe- 
tion of this liquor I termed it ue, and Dr. Wither- 


but that which I gave Mr. Keir, and all that I 
have got ſince, is a decided and deep green, which 
Mr. Keir thinks to 'be owing”! o che n 
EN. de- . 


f 
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be the nitrous, there were evident ſigns of its con- 


gave Dr. Withering was from minium, and that 


ing alſo calls it blue, and once a greeniſh Bus: 


= 
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1 50% SECTION- vi. 
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2 to. the ; preceding Experiment — 
TAVING never. failed, n 


were conducted with due attention, to pro- 


cure ſome acid wheneyer L decompoſed dephlogiſti- 
cated and inflammable air in cloſe veſſels, I con- 
cluded that an acid was the neceſſary reſult of the 
union of thoſe two kinds of air, and not water 
only; which is an hypotheſis that has been main- 
tained by Mr. Lavoiſier and others, and which has 
been made the baſis of an intirely new ſyſtem of 
chemiſtry, to which à new | ſyſtem of terms and 
characters has been adapted. The fa#s that I al- 
leged were not diſputed ; but to my conclufion it 
was objected, that the acid I procured might come 
from the phlogiſticated air, which in one of my 
proceſſes could not be excluded; and that it was 
reaſonable to conclude that this was the caſe, be- 
cauſe Mr, Cavendiſh had procured the ſame acid, 
viz. the nitrous, by decompoſing dephlogiſticated 
and phlogiſticated air with the electric ſpark. In 
other caſes it has been On PATON. 
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cured: came from. the plumbege in the iron from 
which/my inflammable aur had been extracted. . 5 
Mich reſpect. to the former of theſe objections I 
would obſerve, that my proceſs is very different 
from-that of Mr. Cavendiſh; his decompoſition 
being a very low one by electricity, and mine a 
very rapid one. by //mple ignition, a proceſs. bx 
which phlogiſtieated air, as 1 found by actual trial, 
was not at all affected; the dephlogiſticated : and 
unflammable airs uniting, and leaving the phlogiſ- 
 ticated air (as they probably would any other kind 
of: als; wich ee e u ee TORT 

um 1 hn "Ie 
l bd rnd ares; Wen- and b 209; ee 
diftion behuwer bm Mr, Cavendiſh' s experi- 
2 mine, ſinte phlogiſticated air may con- 
n phlogiſton, and by means of electricity this 
— — and unite with the de- 
phlogiſticated air (or with the acid principle con- 
tained in it) as in the praceſs of ſimple ignition 
the ſame principle is evolved from inflammable 
air, in order to form the ſame union; in conſe- 
quence of which, the water, which was à neceſſary 
ingredient in the compoſition of both the kinds of 
air, is precipitated. That in other circumſtances 
than thoſe in which 1 made the experiments, the 
acid wholly. eſcaped, and nothing but water was 
. accounted for, from the ſmall 
a quantity 
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quantity of the acid principle in proportion to the 
water, and the extreme volatility of it, owing,. I 
prefu me, to its high 5 when roy 
in this manner. 
Inga order to aſcertain the effe of the preſence of 
phlogiſticated air in this proceſs, I now not only 
repeated the experiment of mixing a given quan- 
tity of phlogiſticated air with the two other kinds 
of air, and found, as before, that it was not affect- 
ed by the operation ; but I made the experiment 
with atmoſpheric air, inſtead of dephlogiſticated. 
Since the air of the atmoſphere contains a greater 
proportion of phlogiſticated air, it might be ex- 
pected that, if the acid I got before came from the 
ſmall quantity of phlogiſticated air which I could 
acid, when, inſtead of endeavouring to exclude it, 
I purpoſely introduced a greater quantity. But the 
conſequence was the production of much leſs acid 
than before, the liquor procured being ſome- 
times not to be diſtinguiſhed from pure water, 
except by the greateſt attention poſſible: for though 
the decompoſition was made in the ſame copper 
veſſel which I uſed in the former experiments, there 
was now no ſenſible tinge of green colour in it, 
When I repeated this experiment in a 95 
veſſel, I perceived, as I imagined, the reaſon of 
the finall produce of acid in theſe new circumſtances: 


for 
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for the veſſel, was filled with a vapour which was 
not ſoon condenſed, and being diffuſed through the 
phlogiſticated air (which is not affected by the pro- 
ceſs) is drawn away along with it, when the ex- 
hauſting of the tube is repeated; whereas, , when 
1 no air in the veſſel beſides the 
two kinds which unite with each other, and are 
decompoſed, the acid vapour, having nothing to 
attach itſelf to and ſupport it (by being entangled 
with it) much ſooner attacks the copper, making 
the deep green liquor which I have. deſcribed, 
Sometimes, however, I have procured, a liquor 
which was ſenſibly green by the decompoſition of 
atmoſpheric and inflammable air, but by no means 
of ſo deep a colour, or ſo n acid, as hen 
— — wot > ow 5 

The extreme volatility of che ed ches formed 
(and which accounts for the eſcape oi ſome part 
of it in all theſe proceſſes) is apparent from thia 
circumſtance, that if the exploſions be, made in 
quick ſucceſſion (che tube being exhauſted imme- 
diately after each of them, and filled again as ſoon 
as poſſible) no liquor at all will be collected, the 
whole of the acid vapour, together with the Water 
with which it was combined, being drawn off un- 
ſucceſſive exploſions of this kind, in a copper tube, 
out of which I found that I drew thirty ſeven ounce 

L | 1 meaſures 


1 
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meaſures of air by the action of the pump, and 
found not a ſingle drop of liquid, though near an 
hour was employed in the whole proceſs,” and che 
veſſel was never made more than a little warmer 
than my band. This was a" degree of heat by 
no means ſufficient to keep the whole of any quan- 
tity of water in a ſtate of vapour; and is a eir- 
cumſtance that of itſelf e eee 
vapour did not conſiſt of water only. 

Indeed, I think i. pense br my ads 6 
this vapour in 4 tall glaſs veſſel, and eſpecially to 
_ obſerve how it falls from one end of it to che 
other, and che tirne that is required to its wholly 
difappeating, without being ſatisfied that it con- 
ſiſts of ſomething elſe than mere water, the vapour 
of which would be more equally diffuse. If the 
appearance to the eye ſhould fail to':convince. any 
perſon of this, the ſenſe of ſmal would do it: for 
even in a glaſs veſſel it is very offenſive)! though it 
might not be pronounced to be acid, -F eomjetture; 
however, that this; and every other ſpecies of nul, 
is produced by ſome modification of the acid or 
alkaline principle. Some may be diſpoſed to 
afcribe this ſmell to the ien from which the in- 
flammable air was produced; but the ſmell is the 
ſame, or nearly ſo, when the air is from tin, and 
„ eee eee 
n 


"Walden 


. i amo. %, 4 
1 Beides ufug atmoſpheric. air, which contains 


4 greater proportion of pblogilticated, air, I have 


ſometimes wed dephlogiſticated air which was not 
very pure; and in this caſe I have always obſerved, 


that the liquor I procured had leſs colour, and was 
- leſs ſenſibly acid. 

- Theſe obſervations might, I ſhould think, fatisHy 
any reaſona ble perſon, chat the acid liquor which 
1 procured by the exploſion of dephlogiſticated and 
inflammable. air in cloſe veſſels did not come from 
the phlogiſticated air, which could nat be excluded, 
whether it was, that Which remained in the yeſlel 
after enhauſting it by the air pump, or that wich 
which the) dephlogiſticued, we was more or 1 
contaminated. | : 

1. muſt obſetve, that the | kr page wat 
| entering int the conſtitution of all the kinds, of air, 
and being, as it were, their proper Baſis, that with- 
gut which no acriform ſubſtance can ſubſiſt (which 
the preceding experiments render in a high degree 
probable) makes it unneceſſary to ſuppoſe, as ye 
ſelf as well as others have done, that water con- 
ſiſts of dephlogiſticated air and inflammable ait, 
or that it has ever been either compoſed or decom- 
poſed in any of our proceſſes. 

That water is decompoſed when inflammable-air | 

is procured from iron by ſteam, is not probable; 

hoce the inffammable principle may. very well be 
ſuppoſed 
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ſuppoſed to come from the iron, and the addition 
of weight acquired by the iron may be aſcribed to 
the water which has diſplaced it. Alſo when the 
Hale of iron, or finery cinder, is heated in inflamma- 


ble air, it gives out what * ban geined, viz. thy 


water, 

The moſt plauſible objection to this hypotheſis 
is, that iron gains the ſame addition of weight, and 
becomes the ſame thing, whether it be heated in 


contact with ſteam, or ſurrounded by dephlogiſti- 


cated air. But from the preceding experiments 
it appears, that by far the greateſt part of the weight 


of dephlogiſticated air is water; and the ſmall quan- 


tity of acid that is in it may well be ſuppoſed to 
be employed i in forming the fixed air, which is al- 
ways found in this proceſs; for that there is one 
common principle of acidity, and that all the acids 
are convertible into one another (at leaſt the nitrous 
acid into fixed air) is by no means an improbable 


fuppoſition, though we are not yet in poſſeſſion of 


any proceſs by which it may be done. It is pretty 
evident that, in this reſpect, nature actually does 
what we are not able to do. * 


In reply to what has been objected to my former 


experiments, as being liable to exception from the 
phlogiſticated air which could not be excluded from 


the dephlogiſticated air when it was decompoſed 
r air, I would farther ob- 


ſerve, 
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ſerve, that I have found the proceſs I have made 
uſe of to have no tendency whatever to decompoſe 
Phlogiſticated air. Indeed, nothing that we have 
| hitherto known concerning this kind of air could 
make it probable, that mere hear, in contact with 
dephlogiſticated or inflammable air, could have this 
effect. And it is of no conſequence whatever to 
ſay, that any particular ſubſtance, imagined to be 
decompoſed, is preſent in a proceſs, unleſs it can 
be ſhewn that, in that proceſs, there are agents 
capable of decompoſing it. If mere beat (which'is 
all that my proceſs requires) would decompoſe phlo- 
giſticated air, and reduce it to nitrous acid, the 
tranſmiſſion of common air (which conſiſts of de- 
phlogiſticated and phlogiſticated air) through a,red 
hot tube would have this _ which it is well 
known not to have. | 
But what I have aſſerted 056 is a contlalian | 
which I have drawn from comparing the decom- 
poſition of dephlogiſticated air by the two proceſſes 
with nitrous and inflammable air. That nitrous 
air, when mixed with dephlogiſticated air, has no 
tendency to produce phlogiſticated air, is evident 
from the almoſt total evaneſcence of both of them, 
when they are very pure, and mixed in due pro- 
portions; and that nitrous air has no effect on 
phlogiſticated air is well known. If then the 
285 5 firing 
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a of ephlogiticart! bnd inflammable air had 
a tendency to decompoſe any portion of phlogiſti- 
cated air, which ſhould happen to be mixed with 
them, leſs would remain after the firing of inflam- 
mable and impure dephlogiſticated air than after 
mixing it with nitrous air ; for as the impurities of 
dephlogiſticated air conſiſt of phlogiſticated air, 
thoſe would difappear in a greater proportion in the 
former proceſs than in the latter. But by many 
careful trials I find, that I can reduce any kind of 
dephlogiſticated air no farther by a mixture of in- 
flammable air than I can by nitrous air. When 
the - proportions are well managed, the dimi- 
eee 


1 muſt obſerve, however, that it requires more 
nitrous air than inflammable air (from. iron by 
ſteam) to produce this effect in the proportion of 
about ten to nine; ſo that nitrous air does not 
contain quite ſo much phlogiſton as an equal bulk 
of inflammable air, as I had before thought ro be 
the caſe, | 
In this n 
the diminution of common air by nitrous air to be 
conſiderably leſs than I, have uſually done before. 
This has been the conſequence of giving the two 

kinds of air a lie agitation at the inſtant of mix- 


0 ing, 
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ing, which will generally make the diminution left 
by two tenths of a meaſure. © But I have found; 


that when theſe mixtures of air, with and withom 


agitation, have been age ae Ar a 
to un equality of bulk. n 
r I have obſerved, what I think 
the bea diminution of dephlogiticaed and ni 
non, nN 
i r 
nein probably owing to the preſence of 
ſo much phlogiſticated aw, which impedes che 
meeting of the nitrous air with the dephlogiſticated 
air in the mixture; becauſe I find the ſame to be 
caſe when I mix the ſame proportion of inflarn. 
mable air with dephlogiſticated air; and when de- 
phlogiſticated air is agitated with nitrous air, the 
. n 
ir did before 
There is, a 6 
which I find on the r 
of thoſe two kinds of A which ee eg SAR 
make mere water, as the antiphlogiſtians ſuppoſe. 
N. B. To this article, when originally printed in 
the Philoſophical Tranſactions, were ſubjoined Jet- 


ters 
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ters to me from Dr. Withering and Mr. Keir, con- 
raining analyſes of the green liquor formed in the 
experiments here mentioned. They N 
Phil. Tranſ. Vol. 78, p. 323. | 
- Before I conclude this ſection, I ſhall juſt men- 
tion a few circumſtances attending the many explo- 
ſions I have made of inflammable and dephlogiſti- 
—- cated air in the long metallic and. glaſs veſſels I 
| have made uſe of, as they were pretty remarkable. 
The exploſions were made by a ſmall electric ſpark 
at one end of the veſſel, and the greateſt force of 
the exploſion was always at the other end. No tinned 
iron veſſel: could bear many of them before they 
ſwelled out at that end, and at length burſt; and 
even the flat end of the copper veſſel, which was not 
leſs than one tenth of an inch thick, was in time + 
made quite convex, and the cylindrical part next to 
it was made very ſenſibly wider than any other part 
of the tube. This muſt have been effected by mere 
force, and not by heat; for the hotteſt part of the 
tube after every exploſion, was never there, but al- 
ways about the middle, though ſomething nearer to 
that end than the other, and in the glaſs veſſel che 
ce eee eee. 
8 The probability is, that the air where the electric 
parks is * the inflammation does 
not extend itſelf ſo rapidly but that the air at the 
4 HOW oppoſite 


? | " 
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oppoſite end is firſt condenſed, in conſequenee of 
the inflammation and expanſion of the air at the 


other end, ſo that the air is there fired in a con- 
denſed ſtate ; and hence its greater force. 982 


SECTION VII. 8 
o Air produced by the Solution of Vegetable dt 
in enen = 


HE experiments, of which an account will be 
given in this ſection, were occaſioned, in part, 
by a hint thrown out by Mr. Bewley, in his letter 
to me, printed in an Appendix of one of my former vo- 
lumes ; but more immediately by an experiment 
which I had the pleaſure to ſee at Paris, in the la- 
boratory of Mr. Lavoiſier, my excellent fellow-la- 
bourer in theſe inquiries, and to whom, in a variety 
of reſpects, the philoſophical part of the world has 
2 

Mr. Bewley fays, chat he had always eker ik bt 

granted, that the claſtic fluid, generated in the pre- 
Vor. III. F paration 


* 
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paration of nitrous ether, without diſtillation, was 
fixed air; but that, after ſeeing the firſt publica- 
tion of my papers relating to air, he found, on ex- 
mination, that it had the general panned of ni- 


trous air. 


At Mr. Lavoiſier's I ſaw, with great aſtoniſh- 
ment, the rapid production of, I believe, near two 
gallons of air, from a mixture of ſpirit of nitre and 
ſpirit of wine, heated with a pan of charcoal; and 
when that ingenious philoſopher drew this air out of 
the receiver with a pump, and applied the flame of 
a candle to the orifice of the tube through which it 
was conveyed into the open air, it burned with a 
blue flame ; and working the pump pretty vigorouſly, 
he made the ſtreams of a blue flame extend to a 
conſiderable diſtance. Being very much ſtruck with 
this experiment, I determined with myſelf to give 
particular attention to it, and 3 it after my re- 
turn to England. 

My firſt idea was, that this air was the "I ching 


' . with the phlogiſticated nitrous air, as I then called it, 


which I had procured, by expoſing pieces of iron or 
liver of ſulphur to nitrous air, the phlogiſton of the ſpi- 
rit of wine being, as I ſuppoſed, diſengaged in this pro- - 
ceſs, and becoming incorporated with the nitrous 
acid, in the ſame manner as the phlogiſton that is 
diſengaged from the other two ſubſtances. / Theſe - 
kinds of air differed, however, in one reſpe&, viz. 
that 
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that in Mr: Lavoiſier's experiment the flame was 
blue, whereas it had not been ſo in mine. But 
this ſeemed to be a circumſtarice of no great import- 
ance, Indeed I cannot ſay, that, at preſent, my 
idea of the thing is materially different from what it 
was then ; but I have ſince had an opportunity, by 
purſuing this experiment, of obſerving a much great- 
er variety in the production of air by means of 
ſpirit of nitre, than I had any expectation of be- 
fore. | 

In general, it will be ſeen, in the courſe of theſe 
experiments, that if the ſubſtance with which the 
ſpirit of nitre is heated, whether it be fluid or ſolid, 
contain much phlogiſton, the air produced from it 
will be nitrous air, or poſſeſs the property of dimi- 
niſhing common air to a conſiderable degree; and 
in almoſt all caſes, with a mixture of fixed air, If 
the ſubſtance be inflammable, the air will generally 
be ſuch as I ſaw at Mr. Lavoiſier's, burning with a 
blue flame. But this inflammability is of a very 
delicate kind, reſembling that of dephlogiſticated ni- 
trous air; for the air n deprived A 
ing in water. 

A particular account of theſe experiments, though : 
very remarkable in their nature, will, I foreſee, be 
thought tedious by ſome perſons; but the detail will 
be very uſeful to ſuch as ſhall chuſe to proſecute 
them; eſpecially on account of the precautions that 

F 2 I ſhall 


Part I. 


I ſhall occaſionally give to prevent diſagreeable ac- 
cidents from them. Every chemiſt knows how ha- 
zardous it is to mix ſpirit of nitre with inflammable 
matters; and I was not unapprized of it, having 
ſeen the effect in a courſe of chemical lectures many 
years ago. But, being obliged to make theſe mix- 
tures in a very different manner, the effect could not 
be obviated without a variety of precautions, which 
experience only taught me. | 
Beginning with fpirit of vine, in imitation of the 
experiment which I had ſeen at Mr. Lavoiſier's, I 
made the mixture with the ſpirit of nitre, in the 
manner directed in the proceſs for making nitrous 
ether ; putting about one third of ſpirit of nitre to 
two thirds of ſpirit of wine, in fuch a phial as e, Pl. 
I. mixing them very gradually. Heating this mix- 
ture with the flame of a candle, I received the air 
in water; and when I had procured a conſiderable 
quantity of it, I examined it, and found it to burn 
with a gentle blue, or greeniſh flame, nearly the ſame, 
as well as I could recolle&, with that which I had 
ſeen at Mr. Lavoiſier's ; ſo that I had no doubt but 
that my proceſs, though ſomewhat different from 
his, had anſwered perfectly well. 
| Conſidering this flame with attention, I ae 
it very much reſembled that which is produced by a 
mixture of about one third inflammable air, and 
two thirds nitrous air; and concluded, that it was 
probably 
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probably compoſed of them both; the nitrous s acid 
forming nitrous air, by ſeizing upon the phlogiſton 
of the ſpirit of wine; and there being a redundancy | 
of inflammable matter, ſufficient to render the air 
partially inflammable. 

In the directions to make nitrous ether, I was 
- cautioned to pour the ſpirit of nitre upon the ſpirit 
of wine, and by no means to pour the ſpirit of wine 
upon the ſpirit of nitre. But though this method 
of mixing theſe liquids may not anſwer the purpoſe 
of making nitrous ether, it anſwered very well for 
the production of air, and was a very uſeful variety 
in the proceſs. It is neceſſary, however, that the 
unexperienced operator ſhould be upon his guard in 
theſe experiments. 

The ſpirit of nitre ſhould be much diluted, and 
the quantity of any liquid inflammable matter ſhould 
be very ſmall, juſt ſufficient to cover the ſurface. of 
it : otherwiſe, though the mixture may exhibit no 
' alarming appearance at firſt, it will, in a little time, 
become very black, beginning at the ſurface; the 
phial will then be filled with red fumes, the air will 
be generated in a prodigious torrent, and, unleſs the 
tube through which it is tranſmitted be ſufficiently 
wide, and the veſſel in which the mixture is made be 
very ſtrong, the whole will be exploded with great 
violence. Of this I have ſeen but too many in- 
ſtances ; and ſometimes when J had thought that 

F 3 my 
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my experience had taught me ſufficient precaution, 
Beſides, all oily matters become extremely viſcid, 
by mixing with ſpirit of nitre ; -and this viſcid mat- 
ter getting into the tube, nel it up, and much in- 
creaſes the hazard of an exploſion. But to recur to 
the experiments. | 

Having poured a very little ſpirit if wine „upon 4 
quantity of diluted fpirit of nitre in a glaſs phial, with 
a ground ſtopper and tube, a great quantity of air 
was preſently produced. When a candle was dipped 
into this air, 1t was extinguiſhed ; but 1 in going out 
was ſurrounded with a ſlight blue or green flame, 
but hardly more than is perceived -in nitrous air. 
Almoſt one half of this produce of air was readily 
abſorbed by water, and precipitated lime in lime 
water : and I doubt not but that, in the ſubſequent 
experiments, as well as in this, a great proportion of 
the air produced in this manner was fixed air. 


The remainder was —_— almoſt as ſtrong” FO 
any. 


pentine, 1 . to make a few more experi- 
ments, ſome of which are not a little remarkable. 


When! uſed che ſtrongeſt ſpirit of nitre in this pro- 
ceſs, it was very difficult to get much air, on account 
of the ſuddenneſs of the efferveſcence; but a great 
quantity of air is eaſily produced by diluting the 
ſmoking ſpirit of nitre * an equal quantity of 

water, 
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water. At one time, however, when I had heated > 


this mixture pretty much, and it had yielded a great 
deal of air, though I withdrew the candle, the air 
continued to be produced faſter and faſter for about 
a a minute. It then came quite in a torrent; all the 
oil of turpentine was . thrown out of the phial, and 
the ſpirit of nitre only left in it, This is likewiſe 
the caſe with other ſimilar mixtures; ſo that when it 
is neceſſary to apply heat, ir ſhould be done very 
gradually and cautiouſly, and the air ſhould never 
be generated very faſt, unleſs the purpoſe of the ex- 
periment require it, and the operator be upon his 
guard accordingly, | 
When I received this air in water, it extinguiſhed 
a candle, and did not diminiſh” common air. When 
received in quickſilver, it ſtill extinguiſhed a can- 


dle; but as it went out the third or fourth time, it 


was ſurrounded with a bluiſh flame, as large as that 
of the candle. And happening, at one time, to ap- 
ply more heat than I intended when the air was re- 
ceived in water (and in conſequence of it, the air 
was produced very ſuddenly) I examined it imme- 
diately, and a candle burned in it with an enlarged + - 
flame, though not remarkably ſo. It ſhews, 
however, that in this proceſs alſo, as well as in the - 
proceſs for making dephlogiſticated nitrous air, the 
property of its admitting a candle to burn with an 
enlarged flame nes a great meaſure, * 


— — — — >< 
- 
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my experience had taught me ſufficient precaution, 
Beſides, all oily matters become extremely viſcid, 
by mixing with ſpirit of nitre ; -and this viſcid mat- 
ter getting into the tube, ſtops it up, and much in- 
creaſes the hazard of an exploſion. But to recur to 


the experiments. 


| Having poured a very little iv f wine upon a 
quantity of diluted ſpirit of nitre in a glaſs phial, with 
a ground ſtopper and tube, a great quantity of air 
was preſently produced. When a candle was dipped 
into this air, 1t was extinguiſhed ; but i in going out 


was ſurrounded with a ſlight blue or green flame, 


but hardly more than is perceived in nitrous air, 
Almoſt one half of this produce of air was readily 
abſorbed by water, and precipitated lime in lime 
water ; and I doubt not but that, in the ſubſequent 
experiments, as well as in this, a great proportion of 
the air produced in this manner was fixed. air. 
The remainder was nitrous, almoſt as ſtrong as 
any. 

Upon air dies in this manner from oil of tur- 
pentine, I happened to make a few more experi- 


ments, ſome of which are not a little remarkable. 


When! uſed the ſtrongeſt ſpirit of nitre in this pro- 
ceſs, it was very difficult to get much air, on account 
of the ſuddenneſs of the efferveſcence ; but a great 
quantity of. air is eaſily produced by diluting the 
ſmoking ſpirit of nitre wich an equal quantity of 

water, 
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water. At one time, however, when I had heated 
this mixture pretty much, and it had yielded a great 
deal of air, though I withdrew the candle, the air 
continued to be produced faſter and faſter for about 
a minute. It then came quite in a torrent; all the 
dil of turpentine was . thrown out of the phial, and 
the ſpirit of nitre only leſt in it. This is likewiſe 
the caſe with other ſimilar mixtures ; ſo that when it 
is neceſſary to apply heat, it ſhould be done very 
gradually and cautiouſly, and the air ſhould never 
be generated very faſt, unleſs the purpoſe of the ex- 
periment require it, and the operator be upon his 
guard accordingly. 

When I received this air in water, it extinguiſhed 
a candle, and did not diminiſh common air. When 
received in quickſilver, it ſtill extinguiſhed a can- 
dle; but as it went out the third or fourth time, it 
Was ſurrounded with a bluiſh flame, as large as that 
of the candle. And happening, at one time, to ap- 
ply more heat than I intended when the air was re- 
ceived in water (and in conſequence of it, the air 
was produced very ſuddenly) I examined it imme- 
diately, and a candle burned in it with an enlarged 
flame, though not remarkably ſo, It ſhews, 
however, that in this proceſs alſo, as well as in the - 
proceſs for making dephlogiſticated nitrous air, the 
property of its admitting a candle to burn with an 
enlarged flame depends, in a great meaſure, upon 

I F4' - the + 
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the time at which the experiment is tried after the 
air is produced, and upon other delicate circum- 
ſtances. 

A quantity of this air, received in water, was 
about half abſorbed in one night. By agitation it 
appeared to be abſorbed not ſo readily as fixed air, 
nor with ſo much difficulty as nitrous air, but in a 
medium between both. When this air was reduced 
to about one eighth of its original bulk, it was di- 
miniſhed by nitrous air. But this is the caſe with all 
the kinds of air that will bear the experiment, and 
even with nitrous air itſelf, as I have obſerved be- 
fore. 

At the time that I made he procetivg _ 
ments with oil of turpentine, I had no lime water at 
hand; and therefore only judged that part of the 
produce was fixed air, by the manner in which it 
was abſorbed by water. But, leſs certain as this teſt 
is, a perſon much uſed to experiments of this kind, 
will be able to apply it with ſufficient certainty in 
moſt caſes. However, repeating this experiment, 
when I had procured the glaſs phials with gro 
ſtoppers and tubes, I found that the greateſt part of 
this air was unqueſtionably fixed air, precipitating 
lime-in lime water, as much as any fixed air what- 
ever, and that the remainder was ſtrongly nitrous. 
Attempting at this time alſo, to receive the air in 
quickſilver, a good deal of the vapour of the ſpirit of 

1 nitre 


Seft. VII. NITROUS ACID. 155 73 


nitre came over; and, diſſolving the quickſilver, 
made the produce of air almoſt wholly nitrous. 

I obſerved, at one time, when I had produced 
this air in a phial with a ground ſtopper, that after 
the firſt part of the proceſs, in which no heat was 
applied, the water ruſhed back into. the phial, 
Upon this I applied the flame of a candle to the 
diluted mixture, and getting a ſecond produce of 


air, examined them both ſeparately, Both of them 


contained a great proportion of fixed air, precipi- 
tating lime in lime water very much; and when 
the fixed air was waſhed out of them, they both 
diminiſhed common air, but the latter more than 
the former. Two meaſures of common air, and 
one of this, occupied the ſpace of little more than 
two meaſures, . : 

In order to judge how far an acid prevailed in this 
air from ſpirit of nitre, and oil of turpentine, I put 
alkaline air to it; when inſtantly a white cloud was 
produced, which roſe to the top of the veſſel ; but 
it was by no means ſo denſe as that which is pro- 
duced by mixing alkaline air with any of the acid 
airs ; nor did the whole quantity of air diſappear, 
but only half of it. However, all the inſide of the 
tube was covered with a ſaline ſubſtance, which I 
did not examine, but ſuppoſed it to have been the 
nitrous ammoniac. Having the curioſity to dip the 

flame 
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flame of a candle, which happened to be at hand, 
into the air that remained of this mixture, it ap- 
peared to be ſo far inflammable, as even to make a 
conſiderable exploſion ; but not quite ſo great a one 
as I have obſerved to have been made by a quantity 
of dephlogiſticated nitrous air. 

Repeating this experiment ſome time 4 
about one fourth of the mixture of this air, and 
alkaline air, diſappeared upon their being put to- 
gether. Half of the remainder was abſorbed by 
water; and in this ſecond remainder (which, by its. 
redneſs, on being expoſed to common air, appeared 
to be conſiderably nitrous) a candle burned with a 
beautifully enlarged flame. | 

In theſe caſes the alkaline air muſt have fup- 
plied the phlogiſton. For neither of the com- 
ponent parts of this air, viz. the fixed or the nitrous, 
are either ſeparately, or together, inflammable. It 
is ſomething remarkable, however, that when I 
mixed equal quantities of nitrous and alkaline air, 
and examined the mixture immediately, the nitrous 
air ſeemed not to have been at all affected by the 
alkaline air. It was not in the ſmalleſt degree in- 
flammable, I had imagined that alkaline air might, 
in this manner alſo, have phlogiſticated the nitrous 
air ; but it ſeems that when it is ſo applied, it has 

no ſuch effect. 


Air 
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Air produced from all the gſential oils by ſpirit 
of nitre, has, I believe, the ſame properties as that 
which is produced from oil of turpentine. 'I tried 
another, but I forget which, in a phial with a ground 
ſtopper, and the air produced from it precipitated 
lime in lime water, extinguiſhed a candle, and di- 
miniſhed common air a little. | £ 
Ether, both vitriolic and nitrous, heated i in ſpirit 
of nitre, yields the ſame kind of air as the eſſential 
oils, or ſpirit of wine, viz. partly fixed air, and 
partly dephlogiſticated nitrous air. Equal caution i, 
alſo neceſſary in conducting this proceſs ; for M 
phenomena attending it are the ſame that I deſcribed 
in the beginning of this ſection, and in the higheſt 
degree. I would therefore recommend the uſing 
of a very ſmall quantity of the ether, and putting 
it upon the ſpirit of nitre. 

At firſt, however, in imitation of the proceſs for 
making nitrous ether, I poured the ſpirit of nitre 
upon the ether, as I had done at firſt alſo with 
ſpirit of wine; and, heating the mixture, received 
the air, which it yielded in great plenty, in quick 
ſilver. This air made no cloud with the mixture 
of alkaline air; it burned exactly like the vapour 
of ether itſelf; and when part of the mixture had 
boiled over, it quickly abſorbed the air that had 
been — 

Secing 
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SJSeeing ſufficient reaſon to diſapprove of this pro- t 
ceſs, I had recourſe to the other, and found that 
when I uſed a very diluted ſpirit of nitre, and but 
little ether, the experiment was much more manage- 
able, and the air was produced in ſufficient plenty, 
This air was readily abſorbed by water ; and upon 
putting alkaline air to it, a very flight cloud roſe 
to the top of the veſſel; but there was no ſenſible 
diminution of the quantity of air occaſioned by ir. 
When a candle was dipped into this air, it was 
«extinguiſhed many times, but always with a beau- 
Wl bluiſh flame, much larger than the natural 
flame of the candle. Towards the cloſe of the ex- 
periment, the air in the inſide of the veſſel became 
red; a certain ſign of its being conſiderably nitrous, 
On repeating this experiment, when I had procured 
the phials with the ground ſtoppers and tubes, I 
had the moſt ſatisfactory proof, that part of this 
produce of air was fixed air, by its precipitating 
lime in lime water; and that the remainder was 
nitrous, almoſt as ſtrong as any, by its power of 
diminiſhing common air. 
The reſult of the experiment with nitrous ether 
was, in all reſpects, the very ſame as that of this 
with vitriolic ether. 1 made the experiment, be- 
cauſe it might have been expected that there would 
have been ſome difference in the reſult, as the ni- 
| | | -” 
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trous ether is the produce of ſpiric. of nitre, with 
which it was now mixec. 

Spirit of nitre, heated with. olive oil, yields the 
fame kind of air with that which is produced from 
eflential oils, &c. but the proceſs is cxceedingly 
troubleſome, owing to the tenacity of the oil; and 
it is not much more manageable, when but a very 
little of the oil is put to a, large quantity of the 
_ diluted ſpirit of nitre. The air which I got in this 
manner precipitated lime in lime water. | 

With very great difficulty I got, in a phial with 
a ground ſtopper, a very ſmall quantity of air from 
ſpirit of nitre and zallow, the water ruſhing into 
the veſſel after every guſh of air. It precipitated 
lime in lime water. 7 

The reſult of the experiment with bees war, was 
the very ſame with that with tallow. Putting a 
ſinall piece of bees wax upon a quantity of pretty 
ſtrong ſpirit of nitre, I got air which made lime 
water turbid ; but not enough to aſcertain its other 
properties, This proceſs was equally difficult with 
the preceding, on account of the water ruſhing into 
the phial after every guſh of ar. | 
. endremmur 200mm ab 
from ſome of the gums, &c. by this proceſs, and 
found the reſult to be, in the main, the ama with 
that of the preceding experiments. 
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Gum arabic eaſily diſſolves in the nitrous acid; 
and as it diſſolves, a great quantity of air is pro- 
duced, making a beautiful appearance; but when 
the acid is nearly ſaturated, it becomes viſcid, and 
the veſſel gets full of froth. Part of this air was 
fixed, precipitating lime in lime water, and being 
readily abſorbed by water. The remainder was 
nitrous, almoſt as ſtrong as any. 

The reſult was the ſame with gum copal, except- 
ing that this ſubſtance did not ſink in the ſpirit of 
nitre, as the gum arabic had done. | 

Campbor, with diluted ſpirit of nitre, yielded very 
ſtrong nitrous air; but required a conſiderable de- 
gree of heat. A good deal of the camphor, which 


had been fluid, and had ſwum on the ſurface of the 


ſpirit of nitre, came over, and reſumed its natural 
appearance in water. I did not try whether 0 


part of this produce was fixed air. 


I got ſome air by ſpirit of nitre from ate 
which precipitated lime in lime water ; but the 
quantity was too ſmall to be examined any farther. 


| Afterwards I got a larger quantity from a greater 


number of ſmall pieces of amber, heated in a weak 
ſpirit of nitre, contained in a phial with a ground 
ſtopper. About one third of this produce was fixed 
air, precipitating lime in lime water, and being 
readily abſorbed by water. In the remainder a 
candle burned with an enlarged greeniſh flame. It 
| Dh alſo 
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alſo diminiſhed common air; ſo that two eie 
of common air, and one of this, occupied the ſpace 
of two meaſures and a quarter. 

N. B. Moſt of the pieces of amber uſed in this 
experiment were turned black quite through, the 
reſt continuing of their natural colour. 

It happened, in the courſe of theſe experiments, 
that a bit of /ealing wax got into the phial, and I 
obſerved air to iſſue from it very copiouſly. Upon 
this, I put a piece of ſealing wax into the phial, 
with ſpirit of nitre, and received the air at different 
times. That which came over firſt was, in the 
higheſt degree, nitrous; but when, with the appli- 
cation of more heat, I cauſed a copious production 
of a very turbid kind of air (which however, pre- 
ſently became tranſparent) it hardly affected com- 
mon air at all. It was then pretty readily abſorb- 
ed by water; and though at firſt it extinguiſhed 
a candle, yet when it had been waſhed: in water, 
a candle burned in it with a blue flame. Indeed 
when the candle was extinguiſhed in it, it went out 
with that kind of blue flame. The courſe of this 
experiment will be found to be analogous to that 
with other hard fubſtances containing phlogiſton, 
which I ſhall now recite, though many of them 
were made before this. 

Having found that charcoal would diſſolve in oil 
of vitriol, and thereby yield à vitriolic acid air, I 
had the curioſity to try what would be the effect 
my | of 
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of an attempt to diſſolve this ſubſtance in ſpirit 
of nitre. This was when I had made but little 
progreſs in the preceding experiments with oily 
and gummy ſubſtances, and I had no expectation 
of the reſult. I began with taking the produce in 
quickſilver, as I had done with that from the vis 
triolic acid; but all that came over in this man- 
ner, was the nitrous acid vapour, which, ſeizing 
upon the quickſilver, produced nitrous air, 

After this, I received the produce in water, and 


found. it to be genuine nitrous air, almoſt as ſtrong | 


as any that is produced from metals. At that 
time I was much ſurprized at this reſult, having 
imagined that nitrous air could not be procured 
but by the ſolution of metals in ſpirit of nitre; 
and I conſidered this as another property in which 
metals and charcoal reſemble each other ; beſides 
thoſe which I had noted before, and an account of 
which may be ſeen in a paper formerly printed in 
the Philoſophical Tranſactions, But preſently after 
this I got nitrous air equally ſtrong from other hard 
ſubſtances, ſuch as dry wood of various kinds, &c. 
but in theſe proceſſes the quality of the air differs 
exceedingly, according to the degree of heat applied, 
and other circumſtances: and I think the ſubje& 
deſerves a farther inveſtigation. To promote this, 


1 ſhall recite the principal facts of this. kind that 
| have o wo. r uon. | 


Having 
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Having poured about a quarter of an ounce 

meaſure of ſmoking ſpirit of nitre, mixed with an 
equal quantity of water, upon ſome pounded char- 
coal, and having applied to it the flame of a candle, 
I collected a large jar full of air, in all twenty 
eight ounce meaſures. When about half of this 
quantity of air was produced, it was impoſſible to 
apply any more heat, but the ſpirit of nitre would 
come over; which it did, tinged with a deep black. 
When all the liquor was come over, ſtill one fourth _ 
part of the air was produced with the application 
of a ſtrong heat. The air of this whole produce, 
which was not taken at different times, was ſtrongly 

nitrous. Two meaſures of common air, and one 


of this, occupied the ſpace of no more than tuo | 


meaſures, 

It was my ſeeing this air produced in different 
circumſtances, viz, before any of the acid came 
over, and afterwards, that ſuggeſted to me the im- 
portance of taking the air at different times, ac- 
_ cording to the change of circumſtances in the pro- 
duction of it; a hint which I purſued to very great 
advantage afterwards, as the reader has already 
ſeen, and will ſee farther, in the courſe of 0 0 
periments. 

Repeating the e with 46. view, I ex- 
amined the firſt produce of air, which came over 
while the heat was very moderate, and found it to 

Vol. III. G be 
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be very ſtrong nitrous air, almoſt as ſtrong as that 
which is procured from metals. Towards the laſt 
I increaſed the heat, and by that means produced 
a very turbid air, of which I collected a prodigious 
quantity. Sometimes, however, the air would be 
quite tranſparent, and then turbid again, ſeveral 


times. I endeavoured to take the turbid air and 
the tranſparent ſeparately, and I ſucceeded pretty 
well; but I found them both to be of the ſame _ 


quality, extinguiſhing a candle, and diminiſhing 
common air but very little ; two meaſures of com- 
mon air, and one of this, occupying the ſpace " 
little leſs than three meaſures, | 

At this time I made uſe of the phials PER 
fig. a, Pl. I. with common corks; and obſerving 
that the corks were always much corroded in theſe 
experiments, I thought it would be proper to aſcer- 


tain the effect of the ſpirit of nitre on the cork, .in 


order to make proper allowance for this circum- 
ſtance in future experiments. I therefore poured a 
quantity of ſpirit of nitre on ſome pieces of cork, 
and treating it in the manner above-mentioned, I 
found the produce of air to correſpond very exactly 


with that which I had got from the charcoal. With 


a moderate degree of heat the air was ſtrongly 
nitrous ;' and with a great heat the air was turbid, 
and much leſs nitrous. I was not a little ſurprized 
to find that nitrous air was produced from cork, as 
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it intirely overturned my ſyſtem of the production 
of this air, depending upon that property of the 
charcoal by which it reſembles metals. However, 
1 preſently found, that genuine nitrous air was pro- 
duced from a variety of other hard ſubſtances ; for 
at that time I had not diſcovered that it was pro- 
duced from any liquid ones. The correſpondence 
of an experiment which I made with old dry oak 
with that which I made with charcoal is ſtriking - - 
enough; and one of them may a little illuſtrate 
the other. | 

r 3 
ings of old dry oak into one of the phials above- 
mentioned, fig. a, and poured upon them as much 
ſpirit of nitre, half diluted with water, as made 
them thoroughly moiſt. Air was inſtantly pro- 
duced, without the. application of any heat. This 
air I received, together with a little that was pro- 
duced by holding the. flame of a candle, at the 
diſtance of about a quarter of an inch, from the 
ſide of the phial. I then placed the candle nearer, 
and received the air at five different times; the 
laſt but one being produced when the flame touch- 
ed the ſide of fo phual, and the laſt, when it was 
placed cloſe under it, and after all the moiſture 
ſeemed to be expelled from the phial. The firſt 
produce was of the nature of nitrous air, the two 
next much more fo, almoſt as ſtrong as any; but 
G2 the 
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the two laſt were hardly nitrous at all. A candle 


went out in this air, burning with a bluiſh flame, 


as if it had been in part a mixture of inflammable, 
nitrous, and fixed air. That part of this produce 
was fixed air, was evident, by its being readily ab- 
ſorbed by water; but 1 did not apply to it the teſt 


of lime water. 


Seeing this aſtoniſhing difference in the produce 
of air by ſpirit of nitre from different ſubſtances, 
and even from the ſame ſubſtance in different cir- 
cumſtances, I thought that it might be poſſible, 


by this means, to diſtinguiſh thoſe ſubſtances that, 


are nutritious from thoſe that are not; and, in my 


imagination, I had thought it poſſible to aſcertain 
the quantity of nutriment that different ſubſtances 
would yield by the quality and quantity of the air 
produced from them ; but the experiments by no 
means anſwered ſuch fond expectations, I found, 
however, what I did not expect, viz. a moſt re- 
mai kable difference between the air produced from 

animal ſubſtances of ſeveral kinds, and from 'veget- 
ables : for, in general, the former had little of the 
nitrous property; but the latter, though nutritious, 
yielded the ſame kind of air with that which I had 
got from wood or charcoal. The facts ſurprized 


me very much, and I can give the reader no clue 


to lead him pen, the labyrinth, 


'The 
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The vegetable ſubſtances which I wick were 
wheat flour, barley, and malt, all of which yielded 
nitrous air in the firſt part of the produce, and air 
of the ſame quality with the laſt produce from char- 
coal, if the proceſs was continued a long time, and 
with a ſtrong heat. I had once ſuſpected that the 
nitrous quality might have come from the cork 
with which the phial was cloſed ; but I was ſatiſ- 
fied that it came from the ſubſtance within the 
phial, when, inſtead of a phial cloſed with a cork 
as before, I uſed one of thoſe repreſented fig. b, 
which I have obſerved to have been contrived by 
Mr. Vaughan. Having put the barley and ſpirit 
of nitre into this veſſel, I heated it in a veſſel full 
of water, placed on the fire, covering the phial with 
a glaſs jar filled with water, in order to receive the 
air. The air procured in this manner was till 
ſtrongly nitrous, though it could come from nothing 
but the ſpirit of nitre and barley. 

As I attended to a few collateral circumſtances 
in the experiment with the malt, it may be worth 
while to recite the particulars. Having juſt cover- 
ed one pennyweight of malt with diluted ſpirit of 
nitre, I made it boil, and procured from it two 
jars full of air, each containing near thirty ounce 
meaſures, and I might have collected more. That 
which came firſt, and which was tranſparent, di- 
miniſhed common air almoſt as much as the * 
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eſt nitrous air. The air which came laſt, and 
which was turbid, hardly diminiſned common air 
at all, and it was readily abſorbed by water. 
Before it was agitated in water, it extinguiſhed 
a candle; but afterwards, when it was reduced 
to about one fourth of its original quantity, a can- 
dle burned in it with a lambent blue flame. | 

N. B. Towards the. cloſe of this proceſs, part 
of the contents of the * were e to 2 
coal. 


SECTION VII. 


07 Air procured by the Solution of Animal Subſtances 
in you of Mitre. 


1 Profeſs not to be able to aſſign any reaſon for 
the difference in the produce of air from animal 
and vegetable ſubſtances ; but the experiments, of 
which an account will be given in this ſection, 
compared with thoſe recited in the laſt, will prove, 
that; in general, there is a very conſiderable one. 

It has been ſeen that vegetable ſubſtances, diſ- 
folved in en of 3 beſides fixed air, yield 
nitrous 
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nitrous air, and frequently as ſtrong as that which 
js procured by. the ſolution. of metals in the ſame 
acid; and this is the caſe whether the ſpirit of ni- 
tre be much. concentrated, or much diluted. On 
the contrary, animal ſubſtances, in general, treated 
in the ſame manner, yield about the ſame propor- 
tion of fixed air; but the reſiduum is either not at 
all, or in a very flight degree, nitrous (except in 
ſome caſes where the ſpirit of nitre is very ſtrong) 
but is a kind of air which, neither affecting com- 
mon air, nor being affected by nitrous air, but 
ſimply extinguiſhing a candle, may be termed pblo- 
giſticated air. Towards the end of a proceſs, in- 
deed, when, by means of a ſtrong heat, the produce 
of air is very rapid, and the air full of clouds, it 
is, like air produced from vegetable ſubſtances in 
the ſame circumſtances, ſlightly inflammable, burn- 
ing with a lambent, greeniſh, or bluiſh flame, 

As there is a conſiderable variety in the refult 
of theſe proceſſes, ariſing from ſeveral circumſtances, 
the influence of which may not. be apprehended, 
J have been careful to note every thing relating to 
them, that appeared to me at the time to be of 
any importance. But, notwithſtanding this, it is 
very poſſible I may have made omiſſions, of the 
effect of which I was not apprized ; and therefore 
thoſe who ſhall endeavour to repeat the experiments 
after me may not find preciſely the ſame reſults 


G 4 that 
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that I have reported. This will often be the caſe 
in experimental inquiries ſo new as theſe; and as 


no human care has yet been ſufficient to prevent 


this inconvenience, it is the part of human candour 


to make proper allowance for it. 


I cannot help flattering myſelf, however, that 


theſe experiments, properly purſued, may be a 


means of throwing light upon the two great natural 
proceſſes of vegetation and animalization ; as they 
exhibit a new and ſtriking difference between ſub- 


ſtances formed by them. On this account I would 


willingly recommend them to the particular atten- 
tion of chemiſts and phyſicians. The experiments 
themſelves, nearly in the order in which they were 


made, are as follows. 


I put equal quantities of ſpirit of nitre and wa- 
ter upon ſome pieces of beef, dried till they were 


perfectly hard, but without being burned, and took 


the firſt produce of the air, which was generated 
without the application of heat, and was very con- 
ſiderable; and afterwards that which came over 
when the flame of a candle was placed within about 


a quarter of an inch from the phial ; but neither 
of them ſenſibly affected common air. They were 


both pretty readily abſorbed by water, and extin- 


 guiſhed a candle. I had expected that this air, 
like that from cs i wood, would haye been nitrous 


air. 
T his | 
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This experiment being made with the fleſhy 
part of a muſcle, I next took a tendon from a neck 
of veal, imagining, from its firmer texture, that 
the air produced from it might approach nearer to 
that from wood; but the air that came from it 
neither diminiſhed common air, nor was diminiſh- 
ed by nitrous air, nor was it readily abſorbed by 
water, and a candle went out in it. It ſeemed, 
upon the whole, to be much the fame thing with 
phlogiſticated air. 

I: thought there might be ſome difference in this 
reſpect, between air produced from the white, and 
from the brown fleſh of animals; but I made the 
experiment with the breaſt and leg of a turkey, 
without finding any. That which was produced 


from theſe ſubſtances exactly reſembled the air 


that I had got from the tendon of a calf; except 
that it was more readily imbibed by water. I agi- 
tated a quantity of it in water five minutes, -when 
one fourth of it was abſorbed, but the remainder 
ſtill extinguiſhed a candle, and did not differ from 
what it was before, except that it was now dimi- 
niſhed by nitrous air, like all other kinds of air 
agitated in water. When all the fleſh was diſ- 
ſolved, air was ſtill produced in great plenty, upon 
the application of the flame of a candle. The 
air produced in this manner was very turbid at 
firſt; but the quality of it was not ſenſibly different 

| | from 
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from that which came firſt, and which was tranſ- 


I, repeated this experiment with the ſame event, 
obſerving that the turbidneſs of the air depended 
upon the degree of heat with which it was produced; 
for, after producing a large quantity of turbid air, 
I leſſened the heat, and preſently the air was tranſ- 
parent as at firſt, and on increaſing the heat, the 

air was turbid again. 

Having found no air of che nitrous kind from 
the fleſh of an animal of the quadruped ſpecies, or of 
a fowl, I was willing to try what would be the pro- 
duce from the fleſh of Iſbes, inſacts, and exanguious 
animals. 

From the fleſh of Kale, made thoroughly dy, 

and then diſſolved in ſpirit of nitre, I got a great 

quantity of air, at firſt without heat, till the whole 
was nearly diſſolved ; when about a quarter of an 
ounce meaſure of this ſolution ſtill yielded more 
than a quart of air. At the laſt this liquor, which 
had been pretty clear, became ſuddenly opake ; and 
- In this ſtate it yielded air the moſt plentifully, and 
continued to do fo till, all the moiſture being eva- 
porated, it became a dry coal. While it continued 
clear, a ſtrong heat, occaſioned by applying the 
flame of a candle cloſe to the phial, would imme- 
diately make the air turbid, eſpecially toward the 
end of the proceſs, juſt before the liquor became 


opake, 
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opake. At this time, however, the air in the inſide 
of the phial had nothing of that appearance, no- 
thing being ſeen in it but the red fumes of the ſpirit 
of nitre ; but when the liquor became opake, it was 
filed with very denſe white fumes. 

The air, in all the ſtages of this experiment, was 
in part fixed, precipitating lime in lime water. In 
the middle of the proceſs the reſiduum was nitrous ; 
but only in a ſlight degree. Towards the conclu- 
ſion it had no ſenſible effect on common air; and 
at laſt it burned with a blue lambent flame, - which 
continued a conſiderable time after I had with- 
drawn the candle by which it had been ſet on fire. 
In the air that came juſt before the laſt, a candle 
barely went out, ſurrounded by a ſlight flame of 
that colour. 5 

Repeating the experiment, I found viking ni- 
trous, either in the firſt produce of air, before the 
fleſh was diſſolved, or afterwards; and at this time 
I was particularly careful not to uſe any of the fleſh 
that was turned black, or very brown, in drying ; 
having ſome ſuſpicion that the nitrous property of 
the air in the preceding experiment came from 
ſuch parts of the fleſh, being then a kind of char- 
. coal. | git _— , : . 
The fleſh of ſalmon having a peculiar colour and 

flavour, I thought it would not be amiſs to repeat 
© the experiment with ſome other kind of fiſh, the 
I fleſh 
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fleſh of which was white and taſteleſs, I therefore 
took the fleſb of perch, and diſſolving it in ſpirit of 
nitre, I procured a large quantity of air, no part of 
which was nitrous ; but a conſiderable part of it was 
fixed, precipitating lime in lime water. The great- 
eſt part of this air was produced after all the fleſh 
was diſſolved ; and at the laſt, when I increaſed the 
heat, the air was turbid ; but it did not ſenſibly differ 
from that which was produced at firſt, except that a 
candle went out in it with the flame ſlightly tinged 
with green. 

A large worm, treated in the ſame manner, yield 
ed air that was in part fixed, making lime water 
turbid. The reſiduum extinguiſhed a candle, and 

was, in a ſmall degree, nitrous; owing, perhaps, 
to ſomething on its ſtomach ; for I had only preſſed 
out the contents with my finger. | | 

Air produced from a number of waſps, diſſolved 
in ſpirit of nitre, was partly fixed, and the reſiduum 
ſo far nitrous, that two meaſures of common air, 
and one of this, occupied the ſpace of two meaſures 
and a half, When the flame of a candle was dipped 
into it, it burned with a greeniſh lambent flame. 

J had next the curioſity to try what kind of air 
might be procured from the inſenſible excreſcences of 
animal bodies, as born, hair, feathers, &c. which are 
protruded from the body, and ſeem, at firſt ſight, 
to > be 1 in a kind of intermediate ſtate between vege- 
| table 
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table and animal ſubſtances ; but they appeared to 
be more of an animal than of a vegetable nature, 
i. e. judging by the air which I had man en 
thoſe ſubſtances to give. 

With ſpirit of nitre and Hair I got a quantity of 
air, part of which was fixed, precipitating lime in 
lime water, and the remainder, not abſorbed by 
water, which was about two thirds of the vm 
was in a ſmall degree nitrous, 

From a crow-quill I got air of the fame quality 
with that from the hair in the preceding experiment. 
This quill was black; and thinking it poſſible (as 
the hair I had made uſe of was alſo in part black) 
that the nitrous property of the air might come from 
the phlogiſton which produced that colour, I re- 
peated the experiment with a white feather ; but the 
- reſult was the ſame ; or, rather, the air in this caſe, 
vas more nitrous than in the former. Two mea- 
fures of common air, and one of this, occupied the 
ſpace of two meaſures and a half, Had I uſed a 
much diluted fpirit of nitre, it will appear probable, 
from the experiments recited at the cloſe of this 
ſection, that the produce would have been lefs ni- 
trous. 

Air was eaſily procured by diffolving hors in ſpirit 
of nitre, Part of it was fixed air, precipitating 
lime in lime water ; but a very great proportion of 
it was not abſorbed by water. In this reſiduum 
5 there 
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there was nothing, ſenſibly nitrous. That which 
came firſt extinguiſhed a candle, without any parti- 
cular appearance; but in that which came laſt, it 
burned with a beautiful blue lambent flame. . 

I had thought that, poſſibly, the in/ide of an oyfer- 
ſoell, or mother of pearl, might, together with fixed 
air, yield a quantity of ſuch phlogiſticated air as had 
been produced in the preceding experiments; but 
when they were diſſolved in ſpirit of nitre, they each 
of them gave very pure fixed air, without any great- 
er reſiduum than is found in the ſolution of chalk in 
oil of vitriol. 

Pieces of ivory diſſolved 1 in a very beautiful man- 
ner, in hot ſpirit of nitre, and yielded a great quan- 
tity of air, which, in every ſtage of the proceſs, pre- 
cipitated lime in lime water. The reſiduum was 
not nitrous, and extinguiſhed a candle, without any 
particular colour of the flame. N 

To try the difference between the ſame ſubſtance, 
in a natural ſtate, and after it was reduced to a coal 
by fire, I diſſolved ſome charcoal of ivory in ſpirit of 
nitre, and found that it. yielded plenty of air, the 
greateſt part of which was fixed, and the reſiduum 
was conſiderably nitrous. When the air was pro- 
duced very faſt, the inſide of the phial was filled 

with a white fume, This ivory had been kept in a 

red heat, covered with ſand, about an hour, 


77 
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Eggs do not rank with the ſubſtances above men- 
tioned; but being the produce of an animal, and 
yet no proper part of one, I ſhall recite the experi- 
ments I made upon them in this place. Both the 
white and the yolk of an egg, which I tried ſeparate- 
ly, yielded a conſiderable quantity of air, when diſ- 
ſolved in ſpirit of nitre, and the difference between. 
them was not ſenſible. In both caſes part of the: , 
air was fixed, precipitating lime in lime water, and 
the reſiduum was ſo far nitrous, that two meaſures 
of common air and one of this, n the n 
of two meaſures and a half. 
It occurred to me, that, poſſibly, ooh; parts of 
the animal, and the different animal ſecretions, might 
yield a different kind of air from that which the 
muſcles had yielded; and from the little chat I have 
done in this way, I cannot help thinking, that the 
experiments deſerve to be proſecuted farter. 
From the craſſamentum of blood, with ſpirit of ni- 
tre, I got great plenty of air, part of which was 
fixed, but no part nitrous. | At laſt the air was tur- 
bid; and, as it is uſual in this caſe, a greater pro- 
portion of it was fixed air, Towards the laſt alſo, 
when the blood was completely diffolved, the air 
was produced irregularly ; for after an interval of 
about a quarter of a minute, there would be a ſud- 
den guſh of about a n of an ounce meaſure of 
air; 
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equable. 

Spirit of nitre put to the /erum of Hood, a 
ately turns it into a white coagulum. This yielded 
leſs air than moſt other ſubſtances, treated in the 
ſame manner. Part of it was fixed air, precipitating 
lime in lime water, and the reſiduum was not nitrous, 
and extinguiſhed a candle without any particular ap- 

Milt was alſo immediately coagulated by a mix- 


ture of ſtrong ſpirit of nitre, and yielded air, one 


third of which was fixed, precipitating lime in lime 


. water ; and the remainder was ſo far nitrous, that 


two meaſures of common air, and one of this, 
occupied the ſpace of two meaſures and a quarter. 

From cheeſe, which was pretty old, I got air, a 
great part of which was Rand, and the remaindey 
conſiderably nitrous. 

 Mutton-gravy, with ſtrong ſpirit of nitre, gave but 
little air, perhaps twenty times as much as its bulk. 
It was in part fixed, and the TIE not ESP 
nitrous. 


It has been ſeen, in a preceding ſe@tion, that all 


oily matters, of a vegetable nature, yield nitrous air | 


in very great plenty, and that the produce is exceed- 
ly rapid; ſo that many precautions are neceſſary in 


conducting the experiments. On this account I 


began 
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began to uſe the ſame in my attempts to get air. 
from Hog's-lard, but found them to be altogether 
unneceſlary : for this ſubſtance is but little affected 
by very ſtrong and hot ſpirit of nitre, on the ſur- 
face of which it continues fluid, and yields but little 
air, perhaps four times its bulk. Part of this was 
fixed air, precipitating lime in lime water, and the 
remainder was ſo far nitrous, that two meaſures of 
common air, ang one of this, occupied the ſpace of . 
leſs than two meaſures: that is, it was almoſt as 

* as that which is produced from 


2 ſomething atolls that, of all animal 
ſubſtances on which I have made the experiment, 
that part which ſeems to be the moſt remote from a 
vegetable nature, and is peculiar to animals, ſhoyld. 
approach the neareſt to the nature of a vegetable 
in che air which it yields when diſſolved in ſpirit 
of nitre. This is the medullary ſubſtance of ily 
brain. 

From part of the brain of + fat diflolved, in 
ſtrong ſpirit of nitre, I got a quantity of air, about 
half of which was fixed air, precipitating lime in 
lime water, and the remainder was ſo far nitrous, 
| that two meaſures of common air, and one of this, 
occupied the ſpace of two meafures and a quarter. 
When it was completely . and by a ſtrong 

Vor. III. H - heat, 


heat, the air came over very turbid, and a candle 
burned in it with a lambent greeniſh flame. 

1 repeated the experiment with part of the fame 
brain that was boiled, and with the ſamie reſult ; ex- 
gept that I did not continue the procefs ſo long. 


The reſiduum of this air, when the fixed air was 


wafhed out of it, was ſo much nitrous, that two 
meafures of common air, and one of this, occu- 


pied the ſpace of two meaſures and one fifth, This 
I tried with the laſt of the three portions of air that 
I took. The firſt and ſecond were not fo highly 


nitrous ; and yet I am confident that all the three 
portions were wholly che produce of the ſolution, 


both the phial and the tube being filled with bub- 
bles, in the form of froth, esd ee pcpn 


at all. ö 

After 1 had made theſe experiments it occurred 
to me, that poſſibly, this difference in the produce 
ol air from vegetable and animal ſubſtances might 


ariſe from ſome difference in the ſpirit of nitre. But 
though I found that, in conſequence of the acid be- 


ing more concentrated, or more diluted with wa- 


| ter, a real difference was occaſioned in the air, 


ſtill very much depended upon the ſubſtances 


themſelves, as will appear from the following ex- 


periments, 


A plece 
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A piece of boiled mutton, diſſolved in very ſtrong 
ſpirit of nitre; yielded air, which was partly fixed; 
with the reſiduum ſo far nitrous, that two meaſures 
of common air, and one of this, occupied the ſpace 
of two meaſures and one third. Diſſolving a quan- 
tity of the ſame mutton, in the ſame ſpirit of nitrey 
diluted with an equal quantity of diſtilled water, I 
procured air, which was not half ſo much nitrous 
as that in the preceding experiment. With the 
ſame reſult I alſo made this experiment with the 
white of an egg, which gave air much lefs nitrous 
when diſſolved in a diluted ſpirit of nitre, chan in 
the former caſe. | 
In order farther to ſatisfy myſelf, whether the 
reſult would not be the ſame with vegetable ſub- 
ſtances alſo, I took ſome pieces of very diy old oak, 
and diſſolved them in exceedingly weak ſpirit of 
nitre. I alſo cauſed the air, by means of heat, o 
be produced very rapidly; ; in which caſe the air 
is generally leſs nitrous, at leaſt toward the cloſe 
of an experiment, as the reader will have ob 
ſerved : but when the fixed air was waſhed out 
of i it, the reſiduum was ; almoſt as ſtrongly nitrous: 
as any air that is ume the — of 
metals. 
Ox gall dried Aides in the nitrous 4d wht as 


much rapidity as vegetable aſtringent ſubſtances, 
„„ | and 
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and yields great plenty of nitrous air; whereas ani- 
mal ſubſtances in general yield only phlogiſticated 
air, with a mixture of lambently inflammable air, 
by the ſame treatment. Now it is remarkable that 
the gall is ſecreted from the venal blood, which, ac- 
cording to my theory of the uſe of the blood in re- 
ſpiration, is then loaded with phlogiſton; while 
other ſecretions are made from the arterial blood, 
which has diſcharged its ſurplus of phlogiſton. 


SECTION IX. 
Of the dephlogiſticated Nitrous Vapour. 


1. my early publications, I faid I had no doubt 
but that the nitrous acid might be exhibited in 
the form of air, and that experiments might be 
made upon it with a great proſpect of making con- 
fiderable diſcoveries, provided that any fluid ſub- 
ſtance could be found capable of confining it. I 
have ſince made ſeveral attempts to diveſt this acid 
of the water with which it is generally combined; 

He: ' et 
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but though I have been favoured by ſome unexpect- 
ed circumſtances, I have been far from ſucceeding 

to my wiſh, 1 
That this acid is capable of exiſting lin y 
form, I preſently ſatisfied myſelf by an attempt to 
expel air from it, by the ſame proceſs by which I 
had before expelled the marine acid air, from ſpirit 
of ſalt ; viz. by heating the fluid in a phial, and re- 
ceiving the air in quickſilver. For though the acid 
vapour very ſoon united with the quickſilver, yet 
the jar in which it was received being narrow, the 
ſaline cruſt, which was formed on the ſurface of the 
quickſilver, impeded the action of the acid upon it, 
till I had an opportunity of admitting water to the 
air that I had produced, and of ſatisfying myſelf, 
by its abſorption, of its being a real acid air, hav- 
ing an affinity with water, ſimilar to other acid 
In the firſt experiment that I made of this kind, 
the redneſs of the air did not appear immediately ; 
but after ſome time, when it might be preſumed 
that the nitrous vapour had produced nitrous air, by 
a ſolution'of the quickſilver; and the redneſs, I ſup- 
poſe, to have been the effect of the mixture of this 
newly- generated nitrous air, with that portion of 
common air, which had been contained in the up- 
per part of the phial, and which had been expelled 
by the acid vapour. I did nõt admit water to this 
: 33 | r 
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air till after an hour; and even then it was ſenſibly 
diminiſhed, ' ſome of the acid air not having been 
ſeized by the quickſilver. The laſt time that 1 
made this experiment, in which I produced about 
two ounce meaſures of air, I admitted water to it 
gs quickly as I could, and then one third of the 
whole was imbibed by it. 

In my account of the proceſs to procure dephlo- 


giſticated air from calcined flint, and alfo from talck, 
1 have obſerved that between the produce of the 
phlogiſticated and dephlogiſticated air, there is a 


conſiderable interval, in which nothing comes over 
but the pure vapour of the acid, which is inſtantly and 


wholly imbibed by water. This circumſtance gave 


me a fine and unexpected opportunity of making 
ſome experiments upon this vapour. For the ori- 


ice of the tube through which it was tranſmitted, 


being plunged in water, and bending conſiderably 
upwards, I could eaſily put over it phials filled with 
any kind of air that could bear to be confined by 
water; and the end of the tube riſing a conſiderable 
way within the phial, the vapour muſt neceſſarily 
come into immediate contact wal the air contained 
in it. ö 


The firſt experiment that I made upon this va- 


pour, in theſe circumſtances, was with nitrous air; 
and it appeared to have the ſame effect upon it that 
had deen produced W liver of ET): viz. dimt- 


piſhing "= 
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niſhing it till it was no more capable of affecting 
common air; and the operation was exceedingly. 
quick. Indeed the whole progreſs of this experi-. 
ment is not a little remarkable. The moment that 
the phial of nitrous air was expoſed to this vapour, 
it became white, then tranſparent, then red ; and, 
laſtly, tranſparent again. I took one quantity of 
this air, when the whiteneſs had juſt gone off; and 
found that it was but little different from pure ni- 
trous air, diminiſhing common air almoſt as much. 
Taking another phial when it was quite red, one | 
third of the quantity had diſappeared, and its power 

of diminiſhing common air was about one half of 
what it had been. I then let another phial remain 
expoſed to this vapour, till I perceived that the di- 
minution would go no farther ; when only one twen- 


tieth of the original quantity remained, CITES 15 


not affect common air at all. | | 
When this. proceſs is quick, that is, when he ni- 
trous vapour comes very faſt, the whiteneſs preced- 
ing the redneſs, op mixing the nitrous vapour with 
the nitrous air, can hardly be perceived, and the 

veſſel containing the air becomes exceedingly hot, 
as well as the tube through which it is tranſmitted. 
I obſerved that the veſſel containing nitrous air con- 
tinued exceedingly red for about a minute, without 
any viſible change of dimenſions in the air; after 
which it was ſuddenly diminiſhed to about one 
„ fourth 
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fourth of its original quantity, which reſembles the 
proceſs of the efferveſcence of iron filings and ſul- 
phur. 
I expoſed to this nitrous acid vapour, common air, 
inflammable air, and fixed air, and all of them for a 
conſiderable time, without making the leaſt ſenſible 
alteration in any of them. It is poſſible that a lon- 
ger continuance of the proceſs might have affected 
them ; but a great deal leſs time was abundantly 
ſufficient for this acid vapour to produce its utmoſt 
effect upon nitrous air. It ſhould ſeem, therefore, 
that though this acid vapour contained phlogiſton 
enough to phlogiſticate, preſently and completely, a 
quantity of nitrous air, it does not contain enough 
to phlogiſticate common air, at leaſt, that it re- 
quires either more time to effect this purpoſe, or a 
different mode of application. | 

As phlogiſton had produced no effect upon fixed 
air, except in one particular caſe, viz. from the ęf- 
ſerveſcence of iron filings and fulphur, I did not ab- 
ſolutely expect that it would have been affected in 
theſe circumſtances. Beſides, I only expoſed the 


fixed air to this vapour as it was expelled from the 


.phial by che flame of a candle, when the vapour : 


is not ſo copious as when it is expelled-by a ſtrong 


ſand heat, nene the whole phial N 
crucible. 


In 
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In the courſe of the experiments, I thought I ſaw | 
"es cit tint the nitrous acid air 18 na- 


turally . colourleſs, like the other acid airs. For I 
obſerved that, though the inſide of the phial, and 
alſo of the tube, was very red, during the tranſ- 
miſſion of both the phlogiſticated and dephlogiſti- 
cated air, yet that in the intermediate ſtate; when 
the pure acid came over, all the inſide of the phial 
was tranſparent; or if there was any ſenſible colour, 
it was of a whitiſh caſt, At the ſame time it was 
obſervable, that this acid vapour, mixing with any 
other kind of air, produced a red colour. As there 
was this redneſs in inflammable air, and other kinds 
of air, for ſome time after this vapour was admitted 
to them, and they afterwards became tranſparent, 
1 expected that ſome alteration would have been 
made in them, but I was diſappointed. 

I would here obſerve, that the young operator 
ought to be very cautious in conducting this pro- 
cels, and eſpecially to take care that the tube through 
which this acid vapour is tranſmitted be ſufficiently 
wide ; by which I mean that the hollow part of it 
mould be about one tenth, or one twelfth of an inch 
in diameter, When, at one time, I was fo incau- 
tious as to make uſe of a tube much ſmaller than 
this, almoſt capillary, ſome particles of the flint, as 
4 ſuppoſe, got into it, and ſtopped it up. How- 
ever, there was a violent exploſion of the phial, and 
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of all its contents, by which I was expoſed to: ſome 
danger; but providentially, at this time, as upon 
many other occaſions, I eſcaped without any hurt. 
But, in ſuch a kind of - buſineſs as this, nothing can 
be expected to be done without ſuch riſques. 


SECTION, X. 


An Account of ſome Experiments made in Conſequence 
of an Attempt to confine the Nitrous Acid Vapour 
by _ of Animal Oils, ; 


M* readers will eaſily recollect, "IO my for- 
| mer publications on the ſubje& of air, that 
my greateſt de/ideratum. was to exhibit the ni- 
trous acid in the form of air, after having. exhi- 
bited ſome other acids, and the alkaline principle, 
in that manner; which is. ſo exceedingly convenient 
for. a chemical examination and analyſis. Since 
the idea firſt occurred to me, I have never once 
Joſt. ſight of it; being well aware of the unſpeak- 
able importance of it in ſuch inveſtigations. as 1 
4 have 
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have been engaged in; and the farther I have car- 
ried my reſearches, the more important is the part 
that J find this acid to act in the ſyſtem of na- 
ture. 

A great part even of my firſt publestions on 
this ſubject related to nitrous air, into which this 
acid principally enters; the obſervations contained 
in my ſecond volume, exhibited this acid in a much 
greater variety of modifications, as being equally a 
principal ingredient, both in the moſt noxious and 
the moſt wholeſome, the moſt pure and the moſt 
impure of all the kinds of air; and my experi- 
ments and obſervations relating to the ſame acid 
made no leſs a figure in my ſubſequent pub- 
lications. And ſtill the ſubject is fo far from 
being exhauſted, that all that has been hitherto in- 
veſtigated ſeems to be nothing more than an open» 
ing to ſomething much greater than any thing that 

we yet know concerning it. But I hope that we 
have acceſs to it now in ſo many different ways, 

that our .nearer approaches will be much facili- 
tated. © - 
My firſt object, as a thing 3 to all the 
reſt, was, as I have ſaid, to contrive how to 
exhibit the nitrous acid in the form of air, free 
from any combination with water, and unmixed 
with any other kind of air; in order to which it 

was neceſſary to confine it by ſome fluid ſubſtance, 


” 
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with which it had no affinity, as I had been able to 
do with reſpect to other kinds of air, by means of 
water or quickſilver ; in order that I might intro- 
duce whatever ſubſtances I pleaſed into this air, 
through that fluid; that their affinities with this 
air might be examined, with the ſame eaſe and 
convenience that I have been able to do in other 
ſimilar caſes. But I believe there is no fluid ſub- 
Bance in nature, with which the nitrous acid will 
not readily combine, ſo as to be abſorbed by it. 
But though, on this account, I have not been able 
"to ſucceed to my wiſh, I have had ſuch other re- 
ſources, that my endeavours have not been wholly 
without ſucceſs ; having been able to exhibit the 
nitrous acid in the form of air, and without water, 
and to. keep it in this ſtate as long as I pleaſe, but 
not without a mixture of common air, and. loaded 
with phlogiſton. My n now are, to ſe- 
parate the phlogi iſton from it, and n to exclude 
' the common air. 

In an early period of my experiments, 1 was not 
without hopes of being ſoon in poſſeſſion of ſuch 
à fluid ſubſtance as would fully anſwer the views 

above-mentioned ; expecting, as I then ſuggeſted, 
that ſome of the animal oils would ſufficiently con- 
fine the nitrous vapour. But in this hope I 
found myſelf altogether diſappointed ; this vapour 
being, in fact, no more capable of being confined 
| by 
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by theſe oils, than by any other fluid ſubſtance 
whatever. However, as the degree of ſucceſs I 
met with was in conſequence of my unſuc- | 
ceſsful attempts to gain my point in this. way, and: 
the experiments that I made for this purpoſe. are 
in themſelves curious, and of ſome importance, I 
ll IN é 
count of them. —— 
| Hoping that whale oil, which.is a cheap article, 
might ſerve my purpoſe of confining the nitrous 
acid vapour, as well as any other animal oil, 1 
imagined that I had only to contrive how to raiſe 
this vapour. Merely heating the acid, I had found, 
would not anſwer ; and therefore ſome more power- 
ful means was neceſſary to ſeparate it from its wa- 
ter, and expel it in the form of air. Now, reflect- 
ing upon the exceedingly rapid ſolutions of ſeveral 
of the metals in this acid ſtrongly concentrated, or 
with a mixture of a very little water, and the phe- 
nomena attending the receiving of the air fo pro- 
| duced in water (when I had obſerved very large 
bubbles to iflue from the end of the tube that tranſ- 
mitted the air, but exceedingly ſmall ones riſing” 
to the top of the-jar) I caught the hint of getting 
nitrous vapour by this means. For the large bub- 
bles, I was well ſatisfied, muſt have been the nitrous 
acid itſelf in the form of air, but preſently abſorbed 
dy water; while the ſmall bubbles were the nitrous, 
I ale 
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| air which was the proper produce of the ſolution ; 


the heat attending the ſolution having been the 


means of expelling a great quantity of ſuperabun- 


dant acid, along with the air. By ſome rapid ſo- 
lution of this kind, therefore, I was ſure to get a 


very great- proportion of nitrous vapour, though 


mixed with a little nitrous air, for which I ſhould 


have to make an allowance, 


With theſe ideas, having conſiderable big but 
not without ſome fear of diſappointment, I filled a 
number of ſmall jars with my whale oil, and placed 
them, inverted, in a baſon of the ſame; exactly as 
I had been uſed to do with quickſilver, for thoſe - 
kinds of air that are capable of being confined by 
it: and having a ſmall quantity of ſtrong nitrous 
acid in one of my phials, with a ground ſtopper . 


and tube, I dropped my lump of biſmuth into it, 


pouring after it a ſmall quantity of water, to pro« 
mote the ſolution, and eagerly expected the event. 


But alas! nothing followed, but exactly ſuch ap- 
pearances as I had before ſeen in water, For 


though the prodigiouſly large bubbles, which iſſued 


in torrents from the orifice of the tube communi- 


cating with the phial, were not, indeed, ſo quickly 


abſorbed as they had been in water, they were pre- 
ſently contracted in their dimenſions, and were re- 


duced in bulk ſo much, as not to exceed that of 
the heads of ſmall pins before they reached the top 
of 


* * ; 
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of the jar. I then found that the proper nitrous 
vapour was abſorbed by the oil as it had been be- 
fore by the water; and that all the permanent air 
that I got in this way was the ſmall quantity of 
nitrous air which the ſolution yielded. 

. Several circumſtances, however, amd this 
experiment, which ſtruck me very much at that 
time, and were, indeed, then altogether inexplicable 
to me; though later experiments have made the 
theory of them pretty eaſy. I ſhall mention them 
as they preſented themſelves, with the e 
that have occurred to me ſince. | 

The firſt viſible effect of the admiſſion of this 
mixture of nitrous vapour and nitrous air to the 
dil, was the heating of it exceedingly, and turning 
it green. But when it had ſtood to cool it became 
red, and coagulated; and when mixed with other 
oil. it ſeparated from it, and ſunk to the bottom, 
exactly like the ice of oil, and continued there, 
without mixing with the reſt of the oil. 

But what ſtruck me moſt, and was a circum- 
ſtance wholly unexpected by me, was, that when 
I had thrown out all the nitrous air that had been 
produced in the proceſs, and had filled the phials 
again with the oil only, air kept ifſuing | from every 
part of it very copiouſly ; ſo that in a ſhort time 
a conſiderable quantity, not leſs than one fourth of 
the contents of each jar, was ſeparated from it, ex- 


pelling 
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peling an equal bulk of oil. When the jars were 


left in a coor place, and conſequently the whole 
| maſs of oil was coagulated, this proceſs was neceſ- 
farily at a ſtand ; but when I brought the jars near 
the fire, ſo as to liquify the oil, the diſcharge of air 
was reſumed,” and went on as briſkly as before, 

As I could not, immediately upon ſeeing this 
phenomenon, form any idea of the nature of this 
air, and it required ſome time to colle& a quan- 


tity of it, ſufficient for a ſatisfactory examination of 


its properties; I kept viewing this production of 


air with a conſiderable degree of ſurprize and anxi- 


ous expectation, Among other things, I thought 


it poſſible that this might be the very nitrous acid: 


air that I had been ſo long in queſt of, eſcaping 

from the oil, which had been over-ſaturated with 

it, like water ſtrongly impregnated with fixed air: 

and that thus, in this moſt unexpected manner, I 
was in poſſeſſion of all my wiſhes. 


With this idea, the firſt thing that I tried, as. 


| ſoon as I had, by putting all the ſmall quantities 
together (which I could do in a trough of oil that 
I had prepared for the purpoſe) gotten enough for 
the experiment, was to introduce to it a quantity of 
alkaline air. But there was no appearance of any 
thing like a white cloud procured by mixing them; 


ſo that it could not have been any pure acid va- 


pour, and conſequently that hope was entirely blaſt- 
ed, 
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ed. I alſo found that this air was not abſorbed 
by water, as a nitrous vapour would certainly have 
been. ks | 
I then . that this eg be nitrous 
air, with which, as well as with the nitrous va- 
pour, this oil had been ſaturated; but on admit- 
ting to it a proper quantity of common air, there 
was neither any redneſs, or diminution of bulk, 


produced. I then W that it might poſſibly | 
be inflammable air; the phlogiſton of the oil, as 
well as of the nitrous air, and nitrous vapour, 
having contributed to it; but it We a 
candle, And finding at the ſame time that it did 


not make lime water turbid,. it appeared to be, in 


fact, mere phlogiſticated ar, 


The manner in which this air was produced by 

this proceſs, and which I did not underſtand at the 
time that I firſt obſerved it, is, in ſhort, this 
All oils readily decompoſe nitrous air, as well 
as imbibe nitrous vapour; and in all caſes in 
which nitrous air. is decompoſed, it is reduced to 
the ſtate of phlogiſticated air. But ſtill I am en- 


tirely at a loſs to account for the production of ſuch | * 


| a quantity of this air from the oil thus impreg- 
| nated, after the nitrous air produced by the ſolu- 
tion of the metal had been thrown out; conſider- 


ing that it is only a very ſmall proportion of nitrous 
Vor. III. 1 air 
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air that any fluid ſubſtance can be made properly 
to imbibe; whereas this phlogiſticated air was ſuf- 
ficient, in quantity, to have been the reſiduum of 
ten times as mucly nitrous air as the quantity of all 

the oil uſed in the experiment. This production of 
phlogiſticated air from oil will be ſeen exactly to 
reſemble the production of a ſtill greater propor- 
tion of nitrous air from water, treated in the very 
fame manner; but then I am not able to account 
for one of the facts any better than the other. 

N. B. When I made a quantity of alkaline air 
paſs through this oil ſaturated with nitrous vapour, 
in order to mix it with the air which had iſſued 
from it, the oil, from being red, became almoſt 
quite black. 

Aſter this I impregnated all che kinds of oil 
with nitrous vapour, but in a manner different 
from this, and I ſhall give an account of the effects 
of this impregnation, which are ſufficiently remark- 
able, in a future ſection, appropriated to that pur- 
poſe. 

Thus ended my firſt attempt to procure nitrous 
acid air ; fruitleſs, indeed, with reſpect to my prin- 
cipal object, but not quite uſeleſs in itſelf, and 
preparing the way for ſuch a 19 7 ſucceſs as 
1 Ne ſince met n 


sc. 


Sec. XI. | NITROUS AciD, big 


. 


SECTION xl. 
Oljervations on the Nitrous Acid Jv. itſelf. 


RES diſappointed, as has been 9 in my 
D expectations of confining the” nitrous acid va- 
pour by animal oils, it occurred to me, that, in lieu 
of this, it might not be wholly without its uſe, if 
I could ſhut up this vapour in dry glaſs phials, 
with ground ſtoppers. And though, in this me- 
thod of procuring it, by the ſolution of biſmuth, 
or other things with which it unites moſt rapidly, 
there is neceſſarily a mixture of nitrons air, it is 
ineonſiderable in proportion to the quantity of pure 
nitrous vapour itſelf. And though a mixture of 
common air alſo would neceſſarily remain in the 
Phial, it could only ſerve to dilute the acid vapour, 
and could not materially alter the properties of it. 
Alſo, if the mouths of the phials were ſmall, they 
might be opened, and various ſubſtarices admitted 
to the vapour, without much loſs of the acid; eſpe- 
cially as all acid vapours, I had reaſon to think; 
wenn unn | 


DOS Being 
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| Being obliged to content myſelf with theſe mo- 
1 derate views, I preſently thought of an eaſy method 
of putting my deſign into execution. This was by 
making the ſolution in a tall phial, that there might 
be room for the ebullition of the acid, without any 
danger of its being thrown out; and having the 
tube, through which the vapour was tranſmitted, 
bent downwards, in order to be inſerted into the- 
mouths of the phials that were to receive the va- 
pour. This contrivance perfectly anſwered my 
purpoſe. For I ſoon found that as the ſolution 
was ſo very rapid, and conſequently the production 
of nitrous vapour in this. proceſs exceedingly copi- 
ous, I could, by placing a number of dry phials in 
a line, fill them all with this red vapour in the ſpace 
of a few ſeconds; cloſing ſome of them while I 
was filling others ; and when this was done, I could 
either keep the phials filled with the vapour itſelf, 
as long as J pleaſed, or put into them ſuch ſub- 
ſtances as I intended to imbibe the vapour. Or, 
if I thought proper to do ſo, I could firſt put thoſe 


ſubſtances, whether ſolid or liquid, into the. phials, | 
and then throw a ſtream of vapour upon them. 


| Though this vapour, in the manner in which I 
procured it, was always red, I have little doubt but 
that the nitrous acid itſelf, diveſted of every thing 
foreign to it, is as tranſparent, as the other acids. 
But in this proceſs it neceſſarily acquires, and car- 
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ries off with it, a great portion of phlogiſton, from 
the metals that it has diſſolved. And other ob- 
ſervations ſhew that it is only when the nitrous 


acid becomes, in ſome meaſure; phlogiſticated, that 


it aſſumes a deep orange colour; on n 
phlogiſton it has, the paler it always is. 

When a phial is filled with this red e 
ſpirit of nitre, and cloſed with a ground ſtopper, 
or when it is confined in glaſs tubes hermetically 
ſealed at both ends, which I have frequently done, 
it will continue red I do not know how long; but 
I have kept it many months in this ſtate, and ima- 
gine it will never change its colour, except in con- 
ſequence of phlogiſticating the common air con- 
tained in the phial; when the Phlogiſton, which 
occaſions the redneſs of this vapour, quits it, and 
loſes its colour, by being ee with com- 
mon air, as will be ſeen preſently. * L 

The change of colour given to this vapour by 
heat is not a little remarkable, for it is altogether 
independent of gravity or condenſation. In order 
to make ſome experiments of this kind. to proper 
advantage, I procured a glaſs tube, three fert long, 
and about an inch wide, cloſed at one end, and 
fitted with a ground ſtopper at the other. This 
tube J eaſily filled with red vapour, in conſequence 
of its being much heavier than common air; and 
7 the W I 9 
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that that part of the tube which I held in my hand 
was manifeſtly of a deeper colour than any other 
part of it. On this I held one, end of it to the 
red, three or four times more ſo than the reſt of 
the tube. The direction in which the tube was 
held made no difference with reſpect to the red part 
of it; the part that was hotteſt being always of the 
deepeſt colour, whether it was held upwards or 
downwards ; ſo that whether the heated vapour 
- aſcended or deſcended, it did not retain its colour 
in the ſmalleſt degree, after it had been . to 
- the heated part of the glaſs. 
That this extraordinary redneſs was not occa- 
ſioned by the vapour being more rarefied in that 
particular place, appeared by the whole tube aſ- 
fuming the ſame deep red colour, when the whole 
length of it was made equally hot: for the vapour 
being cloſely confined, the denſity of it within the 
tube muſt neceſſarily have continued the ſame in 
all the variations of heat or cold. This redneſs; 
therefore, muſt be the proper effect of beat on 
the phlogiſton, as I ſhould | imagine, of the vapour, 
Repeating this experiment very often, with the 
fame tube, and the ſame vapour, it became alter- 
nately of a deeper or lighter colour, according ag 
it was kept hot or cold, without any ſenſible change, 
except that which ee upon this ſingle cir- 
cumftance, 


By * 
#7 ” a 
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cumſtance, This is really a ſtriking experiment, 
and eſpecially when the tube contains uſt ſo much 
vapour as to be nearly tranſparent when it is cold; 
ſo that the heat lone: guves it ane clove tas 5 
Acquires. 

In order to obſerve the atwof 72 of beat on 
this vapour, I placed the cloſed end of the tube 
near the fire, and bringing it gradually nearer and | 
nearer, obſerved that the colour deepened uni- 
formly with the increaſe of heat, till, the glaſs 

actually melting, the confined vapour burſt its way 
out. 

It ſeems probable from other phenomena, that 
if this yapour was not, confined, but had room to 
expand itſelf, it would become colourleſs with heat, 
N is the caſe when it is combined with 

The phenomena I refer to are very com- 
— in the proceſs for making dephlogiſticated air, 
in which I firſt obſerved them. But the ſame 
things are obſeryable in the proceſſes for. producing 
any other kind of air, in which. much ſpirit of ' 
nitre is made uſe of; and likewiſe, conſtantiy, in 
the common proceſs for making ſpirit of nitre it- 
ſelf. Ir is, that when che heat is moderate, the 
vapour within the glaſs tube or retort is red, but 
that, as the heat increaſes, it becomes tranſparent. .. 

In making de phlogiſticated air, I have frequently 
obſerved, that, for a long time together, the tube 


14 cmhrough 
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through which the air was tranſmitted was quite 
tranſparent next to the fire; but that near the wa- 
ter, where the air was delivered, it has been quite 
red, and even within the phial itſelf, after it had 
been tranſmitted through the water. It is alſo 
conſtantly obſerved, in the proceſs for making ſpirit 
of nitre, that red fumes firſt appear in the retort, 
then in the adopter, if any be uſed, and laſtly in 
the receiver; that when the heat is greateſt, the 
retort becomes tranſparent, while the adopter and 
receiver continue red; and that when the heat is 
very great, the adopter will become tranſparent, 
and the receiver only will be red. I have alſq ob- 
ferved that as the heat intermits, in the courſe of 
Pl proceſs, the redneſs returns into the adopter and 
receiver, and is conſtantly driven back again as the 
heat increaſes,” T have likewiſe frequently obſerved 
that when there has been nothing in the retort but 
colourleſs vapours, like thoſe of water, yet that, 
when they have paſſed into the receiver, they 
have immer appeared in the form of red | 
clouds. 

It is remarkable, however, that, in the laſt digs 
of the proceſs for making ſpirit of nitre, the red 
| r always re- appears in the retort, which, at 

Jaſt, becomes moſt "intenſely red, ſo as to appear 
almoſt black; and this will be the caſe though the 
ard be increaſed ever ſo much. It is probable, 

therefore, 


e 
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therefore, that heat has this power of attenuating 
the nitrous vapour, and making it colourleſs, only 
when it is combined with water, as well as wick 
phlogiſton; ſo that it diſappears, as it were, 
and is concealed in the feam; but that after 
the diſtillation is over, and there is no moiſture 
left for the acid vapour to combine with, that, 
in this caſe, as well as in that of my long tube, 
heat only contributes to make the vapour more 
red. a 
ä That this r6dnefs of the nitrous vajour penn 
when the phlogiſton is combined with air, as well 
as with water, was evident from ſeveral of the ob- 
ſervations that I have made. I was led to aſcertain. 
this circumſtance more particularly, by having a 
ſmall phial filled with this red vapour, which I 
generally carried about with me, in order to ſhew- 
it to my friends; when I obſerved that, in the ſpace 
of about a month, though the phial was well cloſed 
with a ground ſtopper, as ſufficiently appeared af- 
terwards, the colour gradually diſappeared ; fo that 
at laſt the redneſs was barely diſtinguiſhable by 
ty en e Jaw; HEY = wound 
anſwer my purpoſe no longer. 

Upon this I took it for need hs the: pided 
had. not been well cloſed; but, in order to ſatisfy 
myſelf with reſpect to it, I opened the phial under 
1 71 when it was immediately half filled with it. 


2 
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Had I examined the air within the phial, it would- 
certainly have been found to be phlogiſticated. But 
though I neglected to do this at that time, I took 
ſufficient care to aſcertain that circumſtance after- 


For preſently aſter this I opened under water an- 


other phial, which had been filled with the red va- 
pour about two months before, and the colour of 
which was evidently fainter than it had been, when 
the water immediately ruſhed in, and filled two 
thirds of it, and the air within it was not at all af- 
feected by nitrous air. 
At another time I made a very dry and clean 
phial but ſlightly red with the nitrous vapour, and 
obſerved that this flight redneſs preſently diſappeared, 
ſo as not-to be recovered eyen by the application of 
heat; which certainly proves that the phlogiſton had 


quitted the nitrous acid, and had united itſelf to the 


air; and that this colour appears in its union wh 
the former, but not with the latter. 

Laſtly, I found, in the courſe of theſe Ba þ 
ments, that the power of this red vapour to phlo- 
gilticate common air was much greater, and acted 
much quicker, than I had imagined when I made 
the firſt obſervation of the kind. For, after the 
former obſervations, I filled another phial with the 
red vapour, and immediately afterwards opened it 
under water; when the water, ruſhing 1n, filled 


about 
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about half of it, and the remaining air was found 
completely phlogiſticated, not being nnn af. 
fected by nitrous air. 
Theſe obſervations confirm thoſe 1 hive recited 
before, concerning the vapour of ſpirit of nitre in- 
juring common air. But how much of the effect 
ariſes from this cauſe, and how much is to be at- 
tributed to the nitrous air, neceſſarily mixed with 
the nitrous vapour, is not eaſily aſcertained. 


When I wrote the above, I filled tubes and 


phials with the red nitrous vapour, by means of the 
rapid ſolution of biſmuth in ſpirit of nitre, which is 
a troubleſome operation, when the tube is to be 
ſealed hermetically after · being filled with the va- 
pour. The manner in which I ſucceeded in this ex- 
periment would be tedious to deſcribe, and it would 
be unneceſſary, as 1 have ſince effected the ſame 

ching in a much eaſier manner. For red lead con- 
yerted into a white ſubſtance (as I have obſerved 
it to be by impregnation with the nitrous vapour, 
and which may be kept in that ſtate without deli- 
queſcing any length of time, and without ſeeming 
to be diſpoſed to part with any of the vapour which 


it has imbibed in the temperature of the atmoſ- - 


phere) readily emits it in a melting heat. I there- 

fore put a ſmall quantity of this white minium into 

a glaſs tube cloſed at one end; then, holding it to 

nem 
4 
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tube is filled with it ; and having the other end of 
the tube drawn out ready for cloſing, as ſoon as the 
vapour begins to iſſue out of that end, 1 apply my 


blow pipe and ſeal it. 


By this means I conclude that the tube is filled 
with a pure red vapour, without that mixture of ni- 
trous air, and perhaps common air alſo, which I 
could not exclude before; and when this is done, I 
can eaſily, afterwards, melt off that part of the tube 
which contains the minium, ſo that it does not at 
all appear in what manner the tube was filled with 
the vapour. A tube thus prepared will become of 


a deeper colour with heat, and paler with cold, ex- 


actly as the tubes filled in the manner deſcribed be- 
fore. A little moiſture is expelled from the white 
minium along with the red vapour, but it 18 "oy 
inconſiderable. 5 
This white minium never fails to be due 
when, in any circumſtances, the common minium 
is ſufficiently impregnated with nitrous vapour. In 


making a quantity of dephlogiſticated air from the 
common minium and ſpirit of nitre, I once filled a 
whole gun barrel with the materials; and when 1 


emptied it, after the proceſs, in which the bottom of 
the gun barrel only had been affected with the heat, 
I found part of the minium, at a ſmall diſtance from 
the place that had been the hotteſt, perfectly white, 
while that from which the air had been expelled was 
yellow, 
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yellow, as uſual, and that which was farther from 
the heat than the white minium, was almoſt black. 

Having had a light ſuſpicion that the whiteneſs - 
of this minium might poſſibly have been occaſioned 
by ſomething from the 4i/muth, carried over along 
with the nitrous vapour. produced in the ſolution of 
it, I made a ſimilar. proceſs with the ſolution of iron, 
and found that it had the very ſame effect as the ſo. 
lution of biſmuth, converting the minium into a 
white ſubſtance, exactly like that which I had pro- 
cured before. It is, therefore, the pure effect of 
impregnation. with nitrous vapour, but certainly. a 
very extraordinary one, and it. may be well worth 
while to n ſolid 
ſubſtances, 
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SECTION XII. 
oe Influence of Light on Vapour of Spirit of Mie, 


IGHT, beſides ſerving the important purpoſe 
| of vifion, is likewiſe a chemical principle, the 
effects of which are as yet but little known ; though 
we have ſeen ſufficient reaſon to conclude, that it 
is very important agent in the ſyſtem of nature, 
Any new facts, therefore, relating to ſo curious a ſub- 
jeR, muſt be acceptable to the natural philoſopher, 

After the experiments which I had before made 
on the colouring of ſpirit of nitre, by which it ap- 
peared to depend upon phlogiſton, it was ſuggeſted . 
to me by a philoſophical friend, that the air incum- 
bent upon the acid might poſſibly affect its colour, 
and I was deſired to attend to that circumſtance, 
© Accordingly I did fo, and found that air as ſuch 
had no influence in the caſe, but a very material 
one, as affording ſpace for the vapour of the acid 
to expand itſelf in; ſo as to be, in that ſtate, ſub- 
ject to the action of light, a ching of which I had no 


* 5 


Having 
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Having made a quantity of colourleſs ſpirit ot 
nitre, which is readily done by making it boil haſ- 
tily (in order to prevent too great a loſs of the acid) 
and letting it cool again in the dark, I put different 
| portions of it into ſeveral phials, ſome of them quite 

full, and others only half full, with every different 


ſpecies of air incumbent upon them, except the ni- 


trous ; which I knew would immediately be decom- 
poſed, and give it colour. Then leaving the phials 
expoſed to the light of the ſun, in a few days I found 
the acid in all of them that were only half fall con- 
fiderably coloured; whereas, the acid in the phials 
that were quite full remained as colourleſs as wa- 
cer. | 
After having had air of different kinds in thoſe 
phials which were only partially filled, I contrived 
to have a vacuum above the acid ; but ſtill, when it 
was expoſed to the light, it became coloured, as 
well as that which had air in contact with it“. 
I then took ſome of the phials that were only haif 
full, and covering them from the light, expoſed them 
for ſeveral days to a conſiderable degree of hear. 
But in that ſituation they never acquired any co- 
Tour. | 


un this experiment I uſed a glas nie cated by 
Mr. Parker, It is of excellent uſe when either acids or mercury is 


Being 


128 OBSERVATIONS ON Part J. 


Being now ſatisfied that it was the action of light 
upon the vapour of ſpirit of nitre that gave it colour, 


I amuſed myſelf with throwing a ſtrong light, by 
means of a lens, into the upper part of a phial, the 


lower part of which contained colourleſs ſpirit of 


nitre. And in this manner I found that I could ſoon 
give a ſtrong orange colour to the vapour of the 
acid ; and that, being imbibed by the liquid acid 


with which it was in contact, this alſo became co- 


loured, firſt at the top, and then quite through its 
ſubſtance. Other experiments ſhew that nitrous acid 
becomes coloured by the expulſion of dephlogiſti- 
cated air, which is effected by heart. | 


\ 
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ure. of Water wit pho 
OP +717 ee * 


He exactly 8 3 91 wer 
before it was impregnated with the nitrous 
vapour, 1 obſerved that, after the impregnation, it 
was increaſed exactly one third ; wo meaſures. of | 
water having become three, and agreeably to this, 
I found that a quantity of the ſtrongeſt ſpirit of ni- 
tre that I could procure, occupying the ſpace of 
four pennyweights, of water, weighed fix penny- - 
weights. The exhalation of red vapour from water 
thus impregnated is very great, far exceeding any 
thing that I have ever ſeen in any other kind of ſpi- 
rit of nitre. When the ſtoppers have been thruft 
very hard into the phials containing it, they have 
been ſometimes thrown, out with great force, and 
the upper pars of the phials, containing this acid, 
are always red. 

Examining the ſtrength of a quantity of deep 
green ſpirit of nitre, I found that as much of it as 


occupied the ſpace of four penny weights of water, 
Vor. III. K 


ide acid in this ſtate (and the ſame is the caſe with 
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yielded thirteen ounce meaſures of nitrous air with 


copper. When a quantity of this acid had been ex- 


poſed to the open air about a week, and its colour 


had intirely vaniſhed, the ſame quantity of it yielded 
nine ounce meafures of nitrous air, which is about 
the ſame produce that was yielded by a pure ſpirit of 
nitre mentioned above; and being equally colourleſs, 


they were probably the very ſame thing. N. B. Ne 


heat was applied in theſe trials, 

The volatility of the nitrous acid; in water im- 
pregnatrd in this manner, is very extraordinary. 
Fot pouring a little of it into an open glaſs, and 
blowing upon it, a copious red vapour iſſues from 
it; and by blowing upon it in this manner about the 
ſpact of a minute, the blue or green colour intirely 


vaniſhes, and the water becomes of a pale yellow 


colour, exactiy like common ſpirit of nitre. If 


common” ſpirit of nitre) be expoſed to the open air 
a fe days, it becomes quite, or very nearly, co- 
lJourleſs, and very weak. To ſee the nitrous acid 
thub blown out of a quantity of this impregnated 
water in the form of a red vapour, juſt as it went 
into it, is curious enough, and what has given much 
pleaſure to thoſe of my chemical friends to whom 
I haveſhewn it. It is evident from this experiment, 
that the thing on which all theſe colours of nitrous 
_ K is the . acid vapour. ä 
by |. LON 
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Oil of nig in known to increaſe in weight by 
being expoſed to the open air, from which it at. 
tracts a quantity of moiſture, which dilutes it.. But 
this is not the caſe; with, the nitrous acid; at leaſt 
with this. For, on the contrary, it always loſes 
boch weight and bulk by ſuch expoſure, In order 
to obſerve the limit of this loſs with reſpect to this 
volatile ſpirit of nitre, I obſerved that a quantity of 
it, before it was ſo expoſed, weighed thirteen. penny- | 
weights eight grains; and after. a fortnight, it had 


loſt one penny eight, and was diminiſhed about ove. 
fifceenth jn bulk; :; 


I found, 8 that the ſtrongeſt ! inpregus- 
tion of water with nitrous vapour, beſides containing 
2 quantity of acid more volatile than, uſual, retains 
as much of it as the ſtrongeſt ſpirit of nitre does a- 
ter being a long time equally expoſed to the com- 
mon air. And, indeed, when the green colour is 
blown out of this impregnated water, it is not to be 
diſtinguiſhed, in any reſpect, eee 
3 1510 74 

In order to obſerve in wid proportion different 
Linds of e acid would loſe ſtrength by expo- 
ſure to the open air, I expoſed. in equal cups, equal | 
quantities of bus ſpirit, green, green tinged with yel- 
loc, a quantity of the common fort made by Mr. 
Godtrey, and a quantity of my own diſtilling, with the 
e of vitriol to ten of 
K 2 nitre; 


"A quantity of vitriolic acid. 


1, *ay 
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nite; and when chey had ſtood about a fl 


and were all become quite colourlefs, like water, a 
en the ave of hs 
pennyweights of water, yielded nitrous air in the 


following proportions. | Of the green four ounce 


meaſures, and of the green tinged wich yellow, four 
and three quarters; which was alſo the produce of 
Mr. Godfrey's acid ; and of my own five. ounce 
meaſures. Of the ue J find no account. « 
T hat the ſpirit of nitre made by the in \pregiioh 
of water with nitrous vapour, is a purer acid of the 
kind than the common ſpirit of nitre, appears evi- 
dentiy by its not depoſiting any thing when it is 
mixed with a ſolution of filver in the nitrous acid, 
which is the caſe wick the cormmon ſpirit of nitre; 
vat eee arg. lated —_ 


Bur that put of dire müde in this nant m- 
tains more phlogiſton than common ſpirit of nitre is 
alſo evident, both from the 'copious red furnes emit- 
ted from it, and alſo from other circumſtances, eſpe- 


cially from the quality of the ar which it Reds with 
flowers of zinc. 


Having mixed a quantity of blue per er ne 
with flowers of zinc which were of a dull colour, 


* and appeared from ſeveral experiments to contain a 


portion of phlogiſton, it yielded, with the heat of a 


popped e eee fas 
: ſtrong 
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ſtrong nitrous air: when the common ſpirit of ni- 
tre applied in the ame manner gave only phlogiſti- 
cated air; the phlogiſton of which came probably 
from the calx itſelf, though a ſmall portion of it 
might have been in the nitrous acid, which J believe 

is never intirely free from it. 

It is alſo a proof that the green ſpirit af nitre con- | 
tains a good deal of phlogiſton ; that if a very brown 
ſmoking ſpirit of-nitre, which certainly contains 
much phlogiſton, be mixed with water, in a certain 
proportion, a green acid is produced. But this is 
not the caſe when the common yellow ſpirit of nitre, 
which contains leſs een applied in the 
ſame manner. 
| & molt remarkable b ofthis kigd noncocureed 

o me, in the courſe of my diſtillation of ſpirit of 
nitre. The ſaltpetre being very impure (having 
been caſually mixed with various phlogiſtic matters) 
the acid that came over was exceedingly brown, 
and the fumes were uncommonly red, and copious ; 
when, the fire happening to ſlacken, there was a 
condenſation of air and vapour within the veſſels, 
and a quantity of water ruſhed,. before I was aware 
of it, into the receiver, through the glaſs tube, , 7 
fig. 4. Pl. V. and this mixture of that ſtrong brown | 
ſpirit, of nitre and the water, which I ſuppoſe 
— . 

| K 3 | 
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ape e whereas none that I could malo 
by the mixture of the acids after they were decanted, | 
ever approached to the greennefs of this. The 
colour was almoſt as deep as I could produce by 
the A rice? baths wether nitrous 
pour, 

Tae un cadmas Gtpüg- 
nating water with the vapour that eſcapes from ſpi- 
rit of nitre is making it ſparkle, with the ſpontane- 
ous production of nitrous air. This ſeems to proye 
that, unleſs there be earth in all water, there cannot 
be any earth neceſſarily contained in nitrous air. 
But at that time I had always procured this appear- 
ance by throwing into the water the red nitrous va- 
pour from a violent efferveſcence of ſpirit of nitre 
and biſmuth ; and in this violent efferveſcence 'it 
was poſſible that ſome of the earth of the metal 
might be carried over, as ſome of the water evi- 
dently was. I was, therefore, now careful to avoid 
this objection, which I did by expoſing a phial of 
pure nitrous acid to nitrous air over the pureſt dif- 
tilled water. This I did by means of a tube with a 
ground ſtopper at each end, For by ſtopping and 
unſtopping ther alternately, I could eaſily manage 
ſo as to place the phial of ſpirit of nitre, ſupported 
by a thin glaſs tube, very near the top of the veſſel, 
then fill it quite to the * "he veſſel with water, 


and 
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and after that diſplace the water by introducing ni- 
trous air. As the nitrous air, was abſorbed I in- 
troduced more, by means of a bladder previouſly 
filled with it. The quantity of common air above 
renn to 


the bulk of the tube. 


* 


In theſe circumſtances. I. * n 
nitrous acid became blue, and hardly before, the 
water next to it began to emit bubbles of ar. To 
the formation of this air (which was, doubtleſs ni- 
trous air) nothing could contribute but the effluvia 
of the nitrous. acid, and ſomething that the water 
itſelf might furniſn; and this water had been flowly- 


and A diſtilled in gal veſſels, 
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* E. 0 7 1 V * xv. N 
o the Impregnation of Oils, — of Spiris 7 Win 
gy _ with the nitrous ur. n 


T ada. a 0. 
nitrous vapour is, in general, the coagulation 
of them, and giving them a red colour. But the 
phenomena attending the proceſſes, from the firſt to 
e We INIT w aut e 

and not a little remarkable. 
Dil of olives immediately e of a arb e 
lour by this impregnation, and at firſt was ſlightly 
warm. After ſtanding all night, it became yellow, 
and coagulated; and being diſſolved by heat, it ſtill 
retained its yellow colour; but by a freſh impreg- 
nation it became oy and after that of a light 
After ſtanding ſome weeks, it became almoſt 
white and ſtiff; but was a little fluid at the bottom 
of the phial, where it alſo inclined to a green co- 
lour, while the upper part had ſomething of the ap- 
- pearance of froth, as if ſmall bubbles of air nn. 
emitted by i it, and were entangled in it. 


A par 
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uſed in 
paar gr eee 
* — to confing the n _ 
_ was of à dark. _ 
ga ig war Cal ahve | 
became rp this. lnatingd þ 
DT . . 
neun of freſp tobale Ne Tn 
Cs Ps: 00 — cot 
8 1 "whit 1 4 
— n 
tinued blue — === 
throughout. nr hen long keeping, the ee, an. 
5 <p Kin — — 
it becam de os bag wor, hr 
ſtiff, the whole ] 5 e 
became of a lighter — 0 Xn 
1 of and yellowiſh. ee eee 
we af, al he upper pr A = 
filed with e quite red * Me 
of it becam — ee 
during the proceſs a ee ee wa t. 
Vapour Was ebb ode cg T7 
10 — always. continued very ſti 


Having 
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HFaving put a little efential oil of mint into a phial 
previouſly filled with nitrous vapour, a violent effer- 
veſcence, and great heat, were immediately excited; 
while the oil preſently became of a green colour, 
and the ſmell of it was exceedingly ſtrong. ' Aſter- 
wards, by -throwing more 'nitrous vapour into the 
phial, this oil became of a deep orange colour, was 
hardly fluid, but was ſemi-tranſparent. - By long 
keeping, however, it became almoſt ſolid, like the 
oil of turpentine, but of a e un 


it ſtill continues. 
When theſe kinds of oil, eee. 


aſter they were impregnated, were melted by the 
heat of the fire, they all retained the ſame colour. 
And at this time I obſerved that the ſolid part of 
the whale oil ſwam in the melted part, occaſioned 
perhaps by its having ſome bubbles of air entan- 

gled in it, though none of them were ' viſible. 
Each of theſe kinds of oil ſtill preſerved their pe- 


culiar ſinell, though mixed with that amen 


of nitre. 
© Ether received no Aa of colour at firſt by 


this impregnation ; but the upper part of the phial 
was filled with a white fume, when the vapour was 


' firſt applied; and when a candle was preſented to 


the mouth of it, it burned with a green flame, ex- 
actly like a mixture of inflammable and nitrous air. 
At length all the upper part of the fluid became 
CLI 1 | of 
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of a deep blue colour; and, obſerving it more 
narrowly, the blue appeared to be entirely ſeparated 
from the reſt, which continued colourleſs at the 
bottom, and was three fourths of the whole. 5 
Reflecting upon the phlogiſticated air emitted 
from the whale oil, after being impregnated with 
nitrous vapour, in my attempts to confine that va- 
pour by means of it, I was willing to try whether 
a ſimilar impregnation of the other oils, as lind 
oil, and oil of turpentine would produce the fame 
effect; which 1 found it to have, It was in this 
courſe of experiments, that I accidentally obſerved 
the aſtoniſhing effect of theſe oils to decompoſe 
nitrous air, and leave it in the ſtate of phlogiſti- 
cated air, of which an account has vers ren _ 
ready. | 
: The d e ene Sd. "ch me 8 | 
nitrous vapour than the linſeed oil ; but when, in 
the courſe of the proceſs, it became blue, as the 
other had alſo done, it yielded air more dN 
and this, like the air from the whale oil, and the 
linſeed oil, was mere phlogiſticated air, without any 
mixture of fixed air, 
Not having a quantity of ether to make the ex- 
periment with this ſpecies of oil, in the ſame man- 
ner as J had done with the others, I contented 
myſelf with impregnating” it by plunging the end 
of the tube, out of which the vapour iſſued, into 


4 phial 
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A phial containing the ether. This 1 did a con- 
ſiderable time without any particular appearance; 
but at length the ether fuddenly turned green, and 
the moment that this change of colour appeared, 
air began to iſſue from it in torrents. 
Happening to make the efferveſcence. too vio- 
lent, at one time that I was making this experiment, 
ſome of the nitrous acid, and ſmall bits of the biſ- 
muth, were thrown into the ether; where they 
kept diſſolving, and producing air very copiouſy. 
This air, when I firſt obſerved it, I concluded to 
be nitrous air; but when I collected a quantity of 
it, and examined it, it appeared to be phlogiſticated 
air only: from which it was evident, that ether 
had the property of inſtantly converting nitrous air 
into phlogiſticated air, or at leaſt of yielding phlo- 
giſticated air from the impregnation of nitrous 
Vapour. 

| . time that the former of theſe 
was the caſe, and willing to try whether the other 
Kinds of oil had the fame property, I transferred a 
quantity of nitrous air into a phial previouſly filled 
with oil of turpentine; and obſerved, that, with a 
very ſmall degree of agitation, it was abſorbed very 
faſt ; and, being reduced to one fourth of its bulk, 
was found to be mere phlogiſticated air. This 
experiment ſuggeſted thoſe that have already been 
recited, concerning the effect of oil of turpentine 


upon . 
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upon nitrous air. N. B. The impregnation of ether 
with nitrous vapour ſeems to make it more volatile 
than it was before. 


The effect of the impregnation of fin of wine 
with the nitrous vapour was conſiderably” different 
from that of the oils above-mentioned. When I 
threw a ſtream of nitrous vapour upon a quantity 
of this fluid contained in a phial, it did not ſuffer 
any change of colour, and was not ſenſibly heat- 
ed; but when the flame of a candle was pre- 
ſented to the mouth of the phial afterwards, a 
.—˙]?; m 8 
flame. | 

Afr frequently repeating this proceſs, = quan 
tity of genuine nitrous ether, about one third of the 
whole, was perceived to ſeparate itſelf from the 
ſpirir of wine, and to ſwim upon the ſurface 
| i Sa 
Both the ether and the ſpirit of wine were ren- 
dered extremely volatile by this proceſs, the vapour 
| frequently throwing out the glaſs ſtoppers from 
the phials in which they were contained, if they 
were not thruſt in very tight; and bubbles of air 
iſſued very copiouſſy from every part of them, 
whenever the ſtoppers were taken out, a quantity 
Nr „ e e e On> 
out rr ul 


When 
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When 1 made this impregnation by. plunging 
the tube out of which the vapour iſſued into a 


phial of this liquor, the proceſs was continued a 
conſiderable time before any thing remarkable ap- 
peared; but at length the liquor turned ſuddenly 
blue, and boiled with great violence; when, im- 
mediately. inverting the phial, and filling it up with 
freſh ſpirit of wine: (in .order to place: it -inverted 
in a baſon of the ſame) all the vapour was again 
abſorbed, except a very ſmall. bubble. But, by 
the help of. a little warmth, more air was pro- 
duced, and it expelled a great part of the liquor. 
This air being transferred to quickſilver did not 
affect it; and upon admitting lime water to it, 


though one half of it was preſently abſorbed, the 
water did not become turbid. Applying the flame 


of a candle to the mouth of the veſſel in which ĩt 7B 


Was contained, it burned with a blue flame deſcend- | 


ing pretty rapidly from the: un to the e of 
the veſſel. 


Upon this e a quantity of ſpirit. * wine 


partly impregnated with nitrous vapour, about two 
months before, and warming it, found that it yielded 


air, or vapour, in the ſame manner as in the laſt 


experiment; and filling a phial with this liquor, 
and inverting it in a baſon of the ſame, the vapour 
iſſuing from it preſently filled almoſt the whole of 
the "Po Tranperring this air into a veſſel of 

| 1 lime 
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lime water, three fourths of it preſently diſappeared, 
the lime water was made conſiderably turbid, and' 
the reſiduum ſeemed to be ſlightly inflammable. 
At another time I obſerved that air produced 
in this manner was phlogiſticated air, mixed with fixed 
air, and alſo with the vapour of ether, which I have 
found to double the quantity of any kind of air. 
That fixed air may come from a mixture of ſpirit 
of wine and nitrous acid, I had obſerved before, 
and this ſeems to be a pretty ſatisfactory proof proof, or 
at leaſt a ſtrong preſumption, of fixed air being a 
modification of the nitrous acid. For by no other 
treatment, I believe, can ſpirit of wine be made to 
give any ſigh afin need e oy ORE. 
N. B. It may be juſt worth while to obſerve, | 
atche.cloſe of this ſection, that zwbale oil and olive 
oil, impregnated with nitrous vapour, diſſolved 
quickſilver, and produced air but the oil of t 
pentine impregnated; in the ſame manner, did not 
ſeem to affect quickſilver. I. made theſe trials by 
only dropping a little quickſilyer into the impreg: 
nated oils, and rar nos ants air nne 
We t! 12h | % 
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SECTION. xv. 


0f the run of Acids, Be. with the . 
| Seeger ag 


porn oil of wvitriol, and ſpirit of ſalt, receive 
an impregnation from nitrous vapour, though 
not in ſo great a quantity as water; and the effects 
of theſe impregnations are pretty remarkable, and in 
ſeveral reſpects conſiderably different from the re- 
| ſult of a mixture of theſe acids, when each of them 

(as eee, OO un une 
Having filled a very lage phial with the nieroun 
vapour, I poured into it a little oi of vitriol; and 
obſerved that the vapour was imbibed, though very 
ſlowly; but at length the red colour entirely diſ- 
appeared, and the air ruſhed into the phial when it 
was opened. Afterwards I fully ſaturated a quan- 
tity of ſtrong oil of vitriol with the red vapour 
_ thrown upon it, in a large phial, frequently ſhaking 
it, to promote the ſaturation, and repeating the pro- 
_ ceſs very frequently. At length this acid, from 
being quite tranſparent, became of a light blue 
L colour ; 
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| eoloury but in other: reſpects did not dier much, 


to appearance, from common eee 
that a white vapour exhaled from it. 


Bur having poured a quantity es lan | 


oil ef vito from one phial into another, and hav- 
ing dipped the empty phial into a trough of water, 
in order to rinſe it, I was furprized by the ſudden 
burſting out of a great quantity of rad uchour, 
which daſhed part of the water to a conſiderable 
diſtanee, and alſo at a 3 
ſtantly produced within the phil. 

U pon dhis I put a ſmall quantity of chempreg- 
nated oil of vitriol into an open drinking glaſs, 
and gently pouring a little water upon it, obſerved 
no remarkable appearance; till, with a piece of 
glaſs tube, I began to ſtir and mix chem ; When 
the heat | immediately took place, attended with 
che emiſſion of a cloud of denfe red vapour: and 


intimate mixture of the water and this impregnated 
oil of vitriol, gill at length all tke nitrous vapour 


ſeemed to be expelled, and the oil of vitriol was 


left as it was at firſt; only diluted wich water. This 


quainance have b rig mach 1 82 wich i „ , [33 


* 
4 0 nnn. to Tt 


us oh L But | 


theſe appearances increaſed with the agitation, and 


experiment; when well conducted, is more remark- 
able than it will be is Yeh Re eee na 


*. 
-_ 4 
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But the impregnation of ſpirit » of /alt. with the 
nitrous vapour, at the ſame time that it is more 
eaſily effected, is of a ſtill more remarkable nature; 
and will, I hope, be of conſiderable uſe: for it 
makes an agua regia of incomparably greater power 
in the ſolution of gold than the common ſort. In 
conſequence of this impregnation, the ſpirit of ſalt, 
from being of a ſtraw colour, preſently becomes of 
a very deep orange, much deeper than the ſpirit 
which it emits is peculiarly pun gent. 

But one of the moſt remarkable Abus dne 
attending; this imprognation is that, whereas the 
common aqua regia is made in the beſt manner by 
mixing one fourth of the ſpirit of ſalt, with three 
fourths of ſpirit of nitre, this liquor, Which is, in a 
manner, nothing but ſpirit of ſalt (for I did not 
perceive that the bulk of it was ſenſibly increaſed 
by the proceſs) aſter having imbibed a. little of the 
nitrous vapour, hecomes poſſeſſed of all the pro- 
perties of chat aqua regia, which conſiſts chiefly of 
ſpirit. of nitre, and in much Greater perfection, 
For, wbile the common, aqua regia will, hardly diſ- 
ſolve gold without the help of heat, this: diſſalves it 
with as much rapidity as have almoſt ever ſeen in 
any chemical ſolution whatcyer, hen it is perfectly 
cold, The quantity of gold chat this, aqua regia is 
capable of diſſolving, in proportion to, its bulk, I 

q 131 have 
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have never aſcertained; but it ſeems to exceed che | 
common aqua regia very much in this reſpect. . 

This is alſo a much cheaper kind of aqua regia 
than the common ſort. For a ſmall quantity of 
ſpirit of nitre will, by this means, communicate a 
ſufficient quantity of nitrous vapour to ſaturate a 
large quantity of ſpirit of ſalt, which is a very cheap 
article; whereas, in the common method of making * 
aqua regia, the bulk of it 1 is _ ap rn dere 
in compariſon is dear, 

If nitrous air be Adee over A Une it 
ſpirit of ſalt, in the manner deſcribed in a former 
ſection, it becomes the ſame: powerful aqua regia, 
by ſaturation with the nitrous vapour, ne bad 
been contained in the nitrous air. 

1 chought it ſomething remarkable, * after 
having made aqua regia by impregnating ſpirit of 
ſalt with nitrous vapour, I could not compoſe an 
aqua regia by impregnating ſpirit of nitre with the 
vapour of ſpirit of falt; applied in the fame man- 
ner. But though I endeavoured to do this in every 
method that I could think of, I got no liquor 
that would diſſolve gold, or that was, in any re- 
ſpect, ene inn common gn. of 
.nitre. #. 

When ſpirit of fale-s ſaturated vith- ee 
| pow k rede ir, in the ſame manner that water 
5 | | L 2 a de 
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does in the fame proceſs. This air 1 caught, and 
found it zo be nitrous air, the ſame that it yielded. 
by water. Part of the air, however, was abſorbed 
by water ; which I imagine muſt have been a min : 
ture of marine acid air, nne 


| with the nitrous air. 


Water impregnated to ſaturation with viniale 
acid air admits of this impregnatian with nitrous 
vapour almoſt as well as pure water. In this pno» 
ceſs, which was performed by plunging. the tube 
from which the vapour iſſued info q phijal of this 


impregnated water, ſtanding in a baſan of cold 


water (in order to prevent its becoming hot, and 
thereby loſing its own proper nir) at became blue, 
and emitted air very copiouſly. Much more than 
the bulk of the water had efcaped, when, by filling 
1a phial with this doubly-imapregnated water, and 


anverting it in a baſon af the fame, I caught a 


quantity of it, and found it to be pure nitrous air. 
There would, no doubt, have been a mixture of 

vitriolic acid air along with it; but water preſently 

imbibes this kind of air. In making this impreg- 

nation, the greateſt care ſhould be «taken to make 
it retain the vapour which the water has imbibed, 
by always keeping the phials which contain it cloſely 

ſtopped, and alſo by plunging them in eoldl water 
A For otherwiſe the 
: effort 


4 <4 AS =aa« «a 


Falk. XV. NITROUS ACID. | 149 
from. the water would endanger the buriting of the 


phials. 
This water impregnated with vitriolic acid ii, 


and ſuper - irnpregnated with nitrous vapour, emits 


2 copious mite fume, in which, as well as in its 


blue colour, it reſembles oil of vitriol impregnated 


in the ſame manner. But I could not make oil of | | 


ee eee ee | 
- Having made theſe new impregnations, I was 
defitous: of obſerving the effects of them in the 


that, in theſe proceſſes, as well as in the expert- 
ments with the mixture of acids, the nitrous acid 
produced its effect the firſt, or at leaſt in the great- 
eft abundance at firſt ; while the other acids ſeemed 
to act their parts independently of it, taking more 
time to their work; nne 
were ſingular enough. 
- The oil of vitriol thus impregnated readily dif- 
ſolved quickſilver, but without yielding any air at 
firſt, But when the whole ſeemed to be diſſolved - 
into a thick and white matter, air was produced 
pretty plentifully, though irregularly, and it was all - 
nitrous. The upper part of the liquor in the phial 
in which this ſolution was made was green, and the 
lower part white. This oil of vitriol alſo diſſolyed 
—_——— W 00g; 
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/vlution of metals ; and it was obſervable in general, =» 
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The ſpirit of ſalt which had received this im- 

pregnation, and which diſſolved gold ſo rapidly, 
as II have mentioned, diſſolved {ver alſo, and pro- 
* duced nitrous air. This liquor alſo diſſolved zinc, 
and produced air that was ſtrongly inflammable, 
differing in nothing from common inflammable air, 
except that it burned with a green flame, which 
muſt have been derived from a ſlight mixture of 
nitrous air. 

Water ſaturated with-vitriolic acid air, . 
with nitrous vapour, would not diſſolve gold; but, 


though much diluted with water, it yielded air 


from zinc, one meaſure of which and two of com- 
mon air occupied the ſpace of two meaſures and a 
half, The air thus produced without heat extin- 


exploſion, like a mixture of inflammable and com- 


mon air; or rather like inflammable air fired in the 


vapour of ſpirit of nitre, the flame deſcending to 
the bottom of the Phial, __ n — 
mn. 
eee in order $0-take the 
Aer different Uthe 1 found that the Arft produits; 
without heat, after paſſing as little as poſſible through 
water, burned with an enlarged flame, a bright 
flame in the center, and a blue one at the furface. 


bright 


guiſhed a candle; but when I heated the phial, 
I got more air, which was fired with one great 


e e REES W 


1 
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bright flame deſcending rapidly from the top to 


the bottom of the phial ; and the laſt that Icauld 
procure exactly reſembled à mixture of -inflam- 
mable and nitrous air, burning with a green or 
yellowiſh flame in the mouth of the phial, and at 
pope yi enn dhe top amar. 
tom. 5 S810 
At another ume dis doubly-impregnazed water 
with zinc, produced ſtrong nitrous air, afterwards 
that which burned with an enlarged flame, then 
with a flame ſtill more enlarged, then like a mi- 
ture of common and inflammable air, the flame 
deſcending at once to the bottom of the veſſel; and 
the laſt produce was fired at ſeveral i cnpftly 
like a very weak inflammable air. 
But none of the appearances recited, above, am 
ſo remarkable as the phenomena produced by the 
vapour which I procured on diſtilling to.dryneſs a 
ſolution of gold in marine acid impregnated, with 
nitrous. vapour, which I have mentioned as ſo ex+ 
_ Fellent a kind of aqua regia. The produce: of this 
 proccls/was an. acid air, of à very peculiar kind; 
partaking both of the; nitrous and marine acid, but 
more of the latter than of the former, as it extin- 
guiſhed a candle; but it was both extinguiſhed and 
lighted again with a moſt, beautiful deep blue flame. 
A candle dipped into the ſame jar of this kind of 
air, went out more than twenty times ſucceſſively, 
| "MA - making 
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making a very pleaſing experiment. The quan- 
tity of this acid air is very great, and the reſiduum 
J have ſometimes found to be dephlogiſticated; 
. and e ee . 
trous air. 

Win eee ui Wues Um wupbey -t 
quickſilver, inſtead of water, the firſt that I took 
corroded the quickſilver very much. Having com- 
pletely filled a pretty large jar with the firſt pro- 
duce of this air, the quickſilver preſently roſe 
within one fourth of the top, which I took for 
granted had been by the ſolution of mercury in 
the nitrous acid; and therefore I expected to find 
| this air nitrous. , But when I examined it, it ap- 


probably been a production of dephlogiſticated air, 


mixture of nitrous air poduced by the ſolution of 
che quickſiver, After this, in the ſame proceſs 
I filled another jar half full of this air, attended, ag 


before, with a great corroſion of the quickſfilver z 


but it roſe no higher, as it had done in the pre- 
ceding experiment; and when water was admitted 
to it, the whole of it was inſtantly abſorbed, © 


It was probably the nitrous vapour. that came 


eee e eee 
wards, 


It 


peared to be mere phlogiſticated air. There had 
| which had been reduced do phlogiſticated air by a = 


. 
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It is eaſy to catch this curious vapour by attend 


ing to the courſe of the proceſs,. which, is, as, fol- 


lows. The firſt thing that comes over is the com- 
mon air contained in the phial (for L always made 
the experiment in a glaſs veſſel and a ſand heat) then 
the fluid begins to diſtil; immediately after which 
comes this pure acid vapour ; and in che laſt place 
the generated air, the quality of which is various, 
but generally dephlogiſticated. | 


ſe may-be juſt worth while, at. the cloſe f 


ſection, ta mention the impregnation, of a. ſolution 
of liver of ſulphur in water, ume, li- 
quots, with this vapour. 

Throwing the nitrous vapour ben Wage aur / 
a liver of ſulphur, it pteſently became milk 
white ; but growing clear, it became of à light co- 


lour, a ſubſtance in the form of gurds ſwimming at. 
the top of it, and which was probably the fame mat- 
ter that had aun, at 


dſo zig t 
' Throwing nu eee e 
niac a White cloud was immediately produced within 
the phial, and it continued a long time; but at length 


it diſappeared, and the liquor became firſt of as light 


orange-colour, and after ſome time was blue. In 
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had T examined them, would n 
found to have been nitrous air. / 

I began the ſame proceſs with caufic aka, — 
obſerved that ie imbibed «great quantity of the ni. 
trous vapour ; but ſeeing nothing remarkable in the 
appearance "IO n 1 did not wn 


. 

The vhelpharie: acid is preſently amen! with 
nitrous vapour, and aſſumes a deep * Uſe 
colour. 

- Radical vinegar is alſo foon ſaturated with thi 
Spirit of ſale e. bee eee 0 as 
to be of a yellow colour, 1 
when impregnated wich nitrous/vapour, © {4 

Spirit of ſalt ſaturated with white minium, 2 
ſo in conſequence of the colour being extracted from 
it by the ſpirit of ſalt, aſſumes a light blue nan 
by being impregnated with this vapour. 

Spirit of ſalt ſaturated with red precipitate, onthe 
percipitate per /e, aſſumes a green colour. 
Spirit of ſalt ſaturated with — 
quires a blue colour, deeper than a ſky blue, ot 
: eee eee 
As a mixture of the nitrous and marine acid 
makes aqua regia, which diſſolves gold, I had 
thought it might be. poſſible, that common ſpirit of 
falt, after diſſolving ſome of the nitrated calces 
above 
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above mentioned, might have the ſame property j 


but it had not, It is now pretty well confirmed, - 


that it is the marine acid alone, in the compoſition 
of aqua regia, that diſſolves the gold; this acid 


has a\ re BID 


Precipitate per ſe dives with ge rapidity in 


ſpirit of ſalt. -A quantity of this ſolution I in 


nated with- nitrous vapour, on which'the py ty, 


the fluid, and the ſides of the phial, were inſtantly 
covered with cryſtals, larger than thoſe of the preci- 
pitate. The colour of the liquor was then of a 
light blue, or green. Afterwards it aſſumed a deep 
brown, yn 2 


whole ſpace of the liquor. This muſt; [-profure; 
haye been corroſive ſublimate, the pure air from the 


precipitate having dephlogiſticated the ſpirit of falt, 


which is a A 
"pn een NE. 
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being dephlogiſticated by the ſpirit of nitre, which 


| 
þ 
| 
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* SECTION XVI. 


eee of Oil of 2 
with en uitrous n 1 n, 


1 

pr ary ohne the rem ee, 

cimpergnating oft eee eee 
| "damn «apr ama; foe 
of vitriol than I made uſe. of in thoſe experiments, 
L,left ſome of it in a large phial, with a ground ſtop- 
per, among other phials containing things for 
which I had no immediate uſe. But though n 
proceſe was over, that of nature was not. Happen; 
ing to be looking at it on the 1 9th of March fol- 


nation, I found what I was far from having expected, 
viz. that almoſt the whole was cryſtallized, a very 
{mall part only of the contents of the phial remaining 


liquid. The cryſtals looked exactly like ice, and 


| exhibited all the appearances that I had before ob- 
ſerved to attend the ſimple impregnation of the vi- 
triolic acid with nitrous vapour, but in a much more 
elegant manner. For on dropping a piece of this 

1 I ice 


lowing, perhaps about ſix months after the impreg» 


-- 4 A 6 en at a8 -©ME wo 
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nn 


veſced with great violence; and, what made 4 


beautiful and ftriking phenomenon, all che water in 
which the ice was diffolved began inſtantiy eo cpar- 
kle, with the ſpontaneous and copious production 
of air. With the help of alittle heat, 'this' produc. 
tion of air was ſo great, that the quantity was more 
than a hundred times the bulk of the ice that had 
been diſſolved. It Was the pureſt” nitrous zit. In 


fact, a great quantity of rütrous vapour was, as it 


were, impriſoned in this oll: ef vierlol, and being 


. ſuddenly fer looſe, on being phanged in the Water, 


it impregnated the water in the ſame manner as 1 
have Wannen 
5 Bingen 121 by £24543 


— 


- Te appear be un wü eee | 


red fame; but holding u quantity ef it in u glafs 
veſſel over 4 candle, it preſenciy meleed; emitting 
bubbles; and then, letting it ſtand te 'cook gradu- 
ally, it cryſtallized very ſuddeniy, her it us D, 


blood warm. It was in this ſecond” congelation 


much more opaque, and denſer than it had Veen in 
the ſormer- When this joe was di with 
heat, che fume it emitteit vas hot red, r e, 


and exceedingly denſe, He & of vitriol in Vapour. 
Aſter it had been kept-diflolved,” and in à Boffing 


ent, ſome Mme, ie did ot halte art, 
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. but cone id and dagen, bens thn 
probably, mere oil of vitriol. © 

. ae 
| cunftagces neteflary-20/ thisiremarkable-cryſtellizg- 
tion, having originally found it when 1 had no ex- 


pectation of any ſuch: thing; and having . often 
failed to find it when I have expected it the moſt, 


All that I can do, therefore, is to recite what 1 


have obſerved, eee ee eee 


Thad kept abour half an ounce meaſure of cl of 
not quite ſaturated with nitrous vapour, in 


tallization, and from its imperfect impregnation 1 
had not expected is I was intending to complete 
the impregnation, and, looking at the phial, had 


che proceſs till the day following, when I found the 


ene wich aha mole beau erat. 


zations imaginable, 
Their form, as analy as 
that of a feather, They were about twenty in num- 


ber, ſome of them as large as the phial could con- 
tain, and many of them parallel to each other, but 


others lying in different directions. The two parts, 
n of the feather made an angle with each 


= phial, with a ground ſtopper, about a year, 
in all which time it had ſhewed no tendeney to cryſ- 


taken out the ſtopper, and put it in again, deferring 


eee 


2 sg. ge © 


. . r 


and I am afraid I ſhall never ſee the li 
Having obſerved theſe cryſtals ſo 


Fran oa ener ork Par oliys Sr | | 
which covered them, and which roſe about 'a/guar. 


ter of an inch above them, I poured the liquor 


upright, exhaling a red vapour, which filled the 
phial, and at length very much clouded and obſour- 
ed it. This liquor exactly reſembled ſtrong ſmok+ 


ing ſpirit of nitre, ne eee ae the 
vitriolic acid in it. eee eee 


Aſter ſome time ene to deeay, and 


filed an r filling up all the interſtices 


that had been among them, ſo as to make one com- 
pact maſs; without any thing of the beautiful ap- 
pearance that they made before. Hoping to repair 
the injury they had ſuſtained, and to reftore/their 


beauty, I filled up the phial with freſh oil of vitriol 


ſtrongly impregnated with nitrous vapour, but it had 


PANTERA n cryſtals of the 
W 664 or of fame, 


/ 
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of about 160 degrees, and eck üf che ſingle 
that compoſed the feather, but which were 
connected, like the toes of a duck's foot, by the 
ſame ſubſtance (but thinner, and more tranſparent. 
than the | reſt) made an angle with the ſtem from 
which they: aroſe of about : forty. five degrees. A 
—————ů—ů —„— 
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| pe, at of any ocher form, hes: on 
„ 


e —— — —-n6s 4 


confuſedly at the bottom Tre "cad ebeinghsn 
r of no uniform ſnape. 
rr 


ſtrongly concentratad, having diſtilled off about half 
was only of a medium ſtrength, and the common 
ſort, but colourleſs. I kept all theſe in the ſame 
ſituation, and in about a fortnight that which had 
been ſunply concentrated began to cryſtallize, and in 
about a fortnight more the phial was half filled 


Viih eryſtals, ſome of them in the form of feathers, 


but lying in different directions, and not detached 
fram each other, but forming a compa& mai. 
In this ate I left them, being obliged to be ab- 


at my return I found all the phials full of cryſtals, 
but generally in ſolid maſſes, with few ſuch fea- 
— - 4g" very thor 
MAS 


Imagining 


found it half filled with eryſtals, but theſe lay all 


of gilof vitro! with nitrous yapour. One was very = 


ſent from my laboratory about three months; and 


* 
* 1 a a. _—_— 1 ov 
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Imagining that this fingular cryſtallization. might 
poſſibly be accelerated by expoſing the impregnated 
vitriolie acid to beat, I took a quantity of it 
which. had continued a conſiderable time with- 
out eryſtalliaing, and confined it in 2 glaſs tube 
three feet long, and half an inch in diameter. 
Then holding it to the fire, I obſerved that the acid 
emitted red vapour, which filled the hole tube, 
exactly as would have been the caſe with ſpirit of ni- 
tre itſelf, When it was cold many ſmall eryſtale 
were ſcattered: all over the tube above the ſurface 
of the liquor, and the upper part of it was red; be- 
ing, I ſuppoſe, the ſpirit of nitre that had been 
driven out of it F 
than the vitniohe acid. Hie oiled ul Hat : 
eee Gs e 
vitriolic acid impregnated with nitrous vapotir, was 
nothing but nitrous acid, after the-complete forma- 
tion of | the cryſtals, and by experiment I found 
it to be ſo. For diluting it wich Water; and 
diſſolving iron in it, in a phial with a ground ſtops 
per and tube, in the manner in which I uſually pro- 
duce nitrous air, it yielded this kind of air only, 
without any mixture of-inflammable air; whieh 1 
have formerly obſerved is the caſe when the vitriolic 
ed in the ſolution of iron, the nitrous ai coming 
farſt, and the inflammable air afterwards, 29 7 55 
Vor. III. M | Here, 


| 
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Here, indeed, a very ſmall quantity of the laſt 


'burned with a lambent flame; but this 1 
have obſerved to be the caſe with the laſt produce 
from iron and the nitrous acid only, when the pro- 
ceſs was urged,” as it was now, with the flame of a 
candle. The water, when this acid was mixed with 
it, ſparkled very much, yielding, I doubt not, ni- 
trous air. But this circumſtance only proves it to 
have been highly — Fü 
vapour. Fi De ein n 
- Here en in which 90 nitrous cap. 


pears to have a ſtronger affinity with water than the 
vitriolic; for in a courſe of time, it intirely expels 
the vitriolic acid from it, and unites: with it itſelf; 


all the vitriolic acid being 1 in e . 
that conſiſt of both the acids. T 


' «Cryſtals ſimilar to theſe re ee 


ſure, if the vitriolic acid be highly concentrated, 
and the nitrous vapour very'copious;; but they will 


appear on the fides of the phial, and not in the wy 


of the acid itſelf. 

When the vitrlblic acid is DIE FS with 
the nitrous vapour, hold'the phial (which ſhould be 
a large one, containing about a quart) and turn it ſo 


as to moiſten all the inſide of it. Then immediately | 
throw in a very copious nitrous vapour, ſo that the 


whole phial ſhall be intenſely red, and running over ; 
after which put in the ſtopper, and let it remain quite 
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ſtill, The upper part of the oil of vitrioh will then 
be of an orange colour, and all the ſides of thbe 
vuill ſoon be quite covered with thoſe eryſtals, but 
of different ſizes. By degrees they will be formed 
on the ſurface of the acid; but in a few; hours af- 
terwards, when the nitrous vapour is equally diſ- 
uibured though the bedy of N of et al 
eee 
By repeating this proceſs, ode half of the whale. 
| body'of jritrialic Soidt ld be ce in an irre- 
gular manner, as if it was congealed. When I have 
poured the whole of this ſemi-congealed maſs into a 
ſmaller phial, juſt large enough to contain it, the 
coagulated part has ſubſided to the bottom, and 
other cryſtals have gradually formed, ſhooting with 
ſome regularity from it into the middle of the ſu- 
perincumbent liquid, which has always become 
more pellucid, and approached more to the colour 
of ſpirit of nitre, in proportion as the oo have 
extended themſelves, | 
Finding that all the acid of vitriol was contained 
in the cryſtals, and that the ſuperincumbent liquid 
became in time pure ſpirit of nitre, I was deſirous 
of knowing whether, if there ſhould be any phlo- 
giſtic matter previouſly contained in the oil of vi- 
uy the phlogiſton would be retained in the cryſ- - 
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Wich this view 1 diffolved: a ſmall quantity er 


bees-wax in highly concentrated oil of vitriol, mak- 
ing it thoroughly black, and greatly increaſing its 


Aeg; and afterwards I impregnated it with ni- 
trous vapour, and ſhut it cloſe up in a ſmall phial. 


After ſome weeks: the cryſtals began to ſorm, and 


they were intirely white, jult as if the vitriolic 
acid had been pure. The proceſs is not yet com- 
pleated; but I expect that the nitrous acid will 


be highly phlogiſticated. Does not this experi- 


ment ſeem to prove, that the nitrous acid has a 


fact is e a 
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TITH Wee whentioned/in the 
title of this ſection, I have not done much 
but reer a have made will 
de found to be curious. e 4175147 eee 
Conſidering the extraordinary eee 
rine acid vapour, I was deſirous of trying whether 
the nitrous acid in the ſame form would have the 
ſame power, viz. that of decompoſing ſubſtancel 
into which the vitriolic acid entered; and 1 made 
the experiments upon ſulphur, and aum. But it 
did not appear that the vitriolie acid; in either of 
thefe caſes, was diſlodged by the nitrous; owing, 
perhaps, to the nitrous acid, in this eaſe; being par- 
tially ſaturated with phlogiſton, though uncombined 


with water. The ſulphur was unchanged, but the 
alum was rendered white and opaque; an effect 
which I have obſerved to be produced by alkaline 
air ; the geid in this caſe, as the alkali in that, hav- 


, | * 22 ing 
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ing ſeized upon the water that is contained in this 


ſaline ſubſtance. 
Common /alt imbibed this nitrous vapour ; but 
whether its acid was diſlodged, or its water only was 
ſeized upon, 1 did not examine. C 

As ſpirit of nitre mixed with earth yields dephlo- 


giſticated air, I was willing to try whether the ni- 
trous vapour, without water, would have the ſame 


effect; and I made the trial with flowers of zinc, 
and red lead; the former being of a darkiſh colouf, 
and containing, I believe, weeping tall the 
whiter flowers of zinc, 

Haring Goquendy thrown be of this wess 
upon a quantity of theſe fowers of zinc, I put them 
into a gun barrel; and from one ounce, one penny- 
weight, ſix grains, weighed after the ſaturation (for 
| had neglected to do it before) I expelled only fix 


or-cight ounce meaſures of air, half of which was 


fixed air, and the remainder phlogiſticated ; owing, 
perhaps, to the. gun barrel, but perhaps alſo, in 
part, to the phlogiſton contained in this calx, - The 


ounce ſeventeen grains. $ 

But the effect of this vapour upon red lead is ex- 
ceedingly remarkable. Common ſpirit of nitre mix- 
ed with this ſobſtance makes it of a deeper red, till 


WE is almoſt black ; bus te nitrous yapour, 
oe after 


ee eme reighed can 1 
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after deepening the colour ofit a little, changes ir into 
a perfectly white and-brittle: ſubſtance; at the ſame 
time heating it exceedinglj. CG? ON; 88 odd 741 
Io produce chis change in the red lead, I found. 
after many trials, that I ſucceeded beſt by firſt 
ſlightly moiſtening the inſide of a glaſs jar, and, by 
applying the red lead to every part of it, giving 
the jar as thick a coating of it as I could; and a- 
tube through which it ĩſſued very deep into / the jar. 
pour ſurface enough to imbibe it all, without ſuffers 
ing any part of it to go over the mouth of the jar, 
It is remarkable that, in this experiment, the red 
and it adheres to the glaſs fo cloſely, as to require 
the edge of a ſharp knife to ſcrape oft 4: 102.4 
I thought that by filling the ſer of phials with red 
lead, and making the vapour paſs through them all 
in ſucceſſion, I ſhould, in the eaſieſt manner, get a 
quantity of this new kind of white lead. But I 
only found, after continuing the proceſs a conſider- 
able time, that the red lead in the firſt phial be- 
came very ſlightly white, juſt at the bottom where 
the vapour entered it, and alſo in a circle cloſe. to 
the glaſs at the top; and that near the top of the 
ſccond phial there was a ſimilar circle, but not near 
(oi; while the reſt of the lead was: of a darker 
| | M 4 colour. 
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colour. Bur the- whole quantity E 
increaſed in weight, by this means. 


Being willing Weber Abe lea Vi 


would yield, I firſt put a quantity of it into a gun 
barrel, and preſently found that it yielded a very 
great quantity of air, the firſt produce of which was 
nitrous, and the laſt dephlogiſticated. Aſter the 
proceſi the materials had become lead, exactly as 
red lead uſed to do in the fame degree of heat. 
1 then put into a glaſs veſſel a quantity of this 
white lead, weighing one ounce, one pennyweight, 


ſeventeen grains. The produce was forty four 
ounce meaſures of air; of which a ſmall'part at the 


firſt was phlogiſticated, but all the reft was exceed- 


ingly pure. - After the proceſs the materials weighed 


ſeventeen: pennyweights, as near as I could eſtimate 
it, for the lower part of the materials were vitrified, 
und could not be ſeparated from the bottom of the 
been vitrified-were of the ſame conſiſtence, and co - 
lour, with that which remains aſter the ſame. pro» 


ces with red lead, with or without ſpirit of qi, 


vis. the upper part red, and the lower yellow. 
tte, @ conſiderable quantity of moiſture came over 

during the proceſo, at firſt tranſparent, but aſten 
wards yellow; and the inſide of the glaſs tube through 
_— the air and moiſture were conveyed, was 


* coated 


* 
ö 
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coated with a white ſubſtance, but next to the glaſs 
veſſel it was yellow. The air had been exceedingly 
turbid, andthe water employed to collect it was very 
acid, — air; 2 en was 
nitrous. n 

— of guilty on. ur peel 
of nitrous acid in the calces of metals, throwing 
light on the impregnation. of minium with phlo- 
giſticated nitrous acid * I ſhall OT 
in this place. e 

All the nitrous metallic PO PIs Ain 
guiſhed by their property of deliqueſcence; but is my 
experiments with a long continued ſand heat, I pro- 
duced two of theſe ſaline ſubſtances, which, did not 
deliqueſce at all. They were produced from di- 
| luted ſolutions of copper and of mercury in the 
_ nitrous acid. The cryſtallizations were formed 
during the action of heat, in glaſs veſſels hermeti- 
ſame menſtruum, when it was cold. But when 
the veſſels were broken, and the ſaline ſubſtances 
were expoſed to the air, they attracted no humidity 
at all; and yet they were not mere calces, becauſe 
they were exceedingly cauſtic, and had a moſt diſ- 
agreeable taſte. I have fince produced a faline 
ſubſtance of this kind from iron in a much leſs ſpace 
of time, and-the examination of it may throw ſome 
light on the conſtitution of the others. | 


© S # * 


A dated | 
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A diluted ſolution of iron in nitrous acid, being 
only expoſed one day to a pretty ſtrong ſand hear, 

in a glaſs tube hermetically ſealed, all the iron 


ſeemed to be precipitated, and the liquor was left 


nearly colourleſs. This liquor afterwards diſſolved 
iron as before, ſo that the action of heat int theſe 


circumſtances, viz. under a ſtrong preſſure, and 


when nothing can eſcape into the open air, ſeems 
to oblige the acid to quit its hold of the metal, 


in a great meaſure. It is indeed the property of 


nitrous ſolutions of iron, that they will always make 


By this proceſs, — this in 


The 6 
a Gn dn eee eren. rift 


—— — 


abſolutely requiſite to produce theſe non-deliqueſ- 
cent cryſtals, as appears from the following ex- 
periment which was likewiſe attended with ſore 
other circumſtances, that I am not able to explain, 
A quantity of a weak, but faturated ſolution of cop- 
per in ſpirit of nitre, which had been expoſed to a 
ſand heat N in which ſome cryſtals 

were 


a depoſit, and then diſſolve more iron, I believe 
br te a but then, the. colour, of the "acid 
always continues red. 8 


perty of the nitrous acid ſeems to be increaſed with | 
reſpert ip Iron, nm e be Wee en 
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were ſormed, had many more cryſtals formed. in 
it; ſo as to become like a thin paſte, preſently 
after it was poured out of the tube. But when 
the whole maſs was diſſolved by heat, in the open 
air, and then dried, it became perfectly deliqueſs 
cent; unlike that which had be before in 
2 longer continued het. 

That excellent philoſopher, and; moſt 0 
man, Mr. Fabroni, who is as communicative as he 
is intelligent, informed me that the calx of tin 
would dephlogiſticate ſpirit of nitre, and leave it 
colourleſs. This I found to be true; but then I 

found that, together with its colour, the acid loſt 
almoſt all its ſtrength. And trying other metals, 
I preſently found that the earths of all of them 
have a remarkably ſtrong affinity with the nitrous 

cid, and firmly uniting with it and a little water 
with which, it is combined, make together a per- 
ſectly dry ſubſtance, quite unlike what it was be- 
fore ; the water being no more apparent, than it is 
in dry ſlaked lime. ee ee 
water in both the caſes. 

Of this kind of calx, which 1 thinks ve 09 

properly term nitrated, is the white minium, which 
I had before procured by faturating red lead with 
pitrous vapour; the phenomena of which, as I have 
found them to extend to other metals, I now un 
derſtand better * I did before. I thought it 


ſome+ 
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| Ginieting extraordinary, that a red ſubtdunck, like 
minium, ſhould, by the addition of a red and highly 
phlogiſticated vapour, become a 'white ſubſtance, 
But I find that all the metallic calces on which 1 
have tried the experiment do alſo become white, 
when they are, in like manner, ſaturated with ſpirit 
of nitre ; and that this may be ar /ratie de " 
eaſter” proceſs than I thought of before, 5 
The production of the red vapour bf: ſpirit of 
nitre by means of biſmuth, and other metals of 
which it makes a rapid ſolution, will be a difficult 
and unpleaſant proceſs to -moſt perſons ; and thoſe 
who are moſt expert in experiments of this kind, 
will be obliged to make ſeveral trials before they 


ſucceed to their wiſh, in ſome of the experiments 


that I have reported. But I now make all theſe 
nitrated calces by means of the ſimple diſtilla- 
tion of weak farmed Tohnions'of aß of dhe 
metals. 


a d eee me a ch d ter 
evaporated, and the acid, together with a ſmall por. 


tion of the water, firmly unites with the calx of the 


metal, and, together with all the phlogiſton that 


the metal contained, is depoſited in the form of a 


White powder, which is incapable of being re- diſ- 

ſolved, either in the ſame menſtruum, or in water. 
This depoſit of white matter is made during the 
wen courſe of the diſtillation, in which nothing 


comes 
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comes over but water; and the whole 'of the me- 
rallic calx becomes a white nitrated powder, as 2 
ſcribed; above. This, at leaſt, is the caſe wih 
copper ; and though I did not make the experi- 
ment in the ſame manner with lin, the phenomena, 
in a ſimilar proceſs,” were the very ſame, There 
will probably, however, be conſiderable: Greens 
when the proceſs is extended to other metals. 

In diſtilling a quantity of that ſolution of copper 
which remaine fr making: nitrous. air (of which 
about one twentieth part is ſtrong ſpirit of nitre, 
and the reſt water) but fully ſaturated, there came 
over a tranſpatent liquor, which had little or no 
taſte; and from the very beginning of the procels, 
I obferved a conſtant depoſition of white matter, 
fluid was expelled. - This matter I collected and 
dried, when it remained a perſectly white powder, 
but was eaſily diſcoyered, to contain much con-. 
centrated nitrous acid. For when I expoſed, it .wo 
heat in a glaſs tube, it emitted a copious red vapour, 
together with a good deal of liquid, and exhibited 
all the phenomena that I had before diſcovered in 
white nitrated minium, and in the calx of tin, on 
wich 1 had diſtilled ſpirit of nitre. „For begin- 
ning with the idea that Mr. Fahroni had given me, 
I firſt put the ſpirit of nitre upon the calx of tin, 
* upon the tim itſelf; but I had, che 

- fame 
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fame produce of white . OW news 
That calx of tin which was yellow) was made per- 
fetly white by the-diſtilation of hou of nitre 
upon it. 

The experiment of lead 1. canis: in a different 
manner, as follows, I diffolved ſeven pennyweights 


of lead, in ſpirit of nitre mixed with about an equal 
quantity of water, when ſome a:r was produced; 


but not much. -The bulk of what remained was 
a white powdery ſubſtance, covered with a ſmall 
quantity of liquid, at firſt green, but afterwards 
tranſparent... Transferring the whole into a cup, 
and rincing the phial in which the ſolution had been 
made, I obſerved that the white ſubſtance, which 
was nitre of lead, was immediately diſſolved by the 
water, Placing the cup in which the whole as 


contained near the fire, it became almoſt all liquid, / 


ahd tranſparent, the menſtruum being enabled- by 
heat to hold in ſolution a much Wes een 


this nitre of lead. ne 
| Wen by this expoſure to heat, all the moiſture 
was evaporated, and it was made perfectly dry; it 
weighed eight pennyweights, ſo that there was an 
addition of one pennyweight from the acid and the 
water that were now latent in this calx. In-this 
manner, however, it was brought to the ſame ſtate 


with the nitrated calces of copper and tin above- 
REES. For when heat was applied to this 


white 
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white abtance a ed vapour was expelled rom , 
but ſeemingly combined with more water. 
r | 
procured white nitrated calces of lead, zine, copper, 
and ti," I incloſed a little of each in ſeparate glaſs 
tubes; and then, with a blow pipe, applied to them 
the flame of a candle; when they all emitted red 
vapour, and as ſoon as the tubes were quite filled 
| en eee WE ; 
air could be admitted. r 
La ee ee 
that the red vapour was re- abſorbed by all the calces, 
but leſs ſlowly by the calx of lead than by thoſe of 
tin or copper, and moſt quickly by that of zinc- 
N. B. I found it exceedingly difficult to expel all 
the moiſture: from! the ſolution of zinc in ſpirit 
of nitre; but when this was effected, I had a 
true nitrated calx of this n * rr 
reſt, 1 
This experiment diſcovered to me a miſtake I 
. was under with reſpe& to my laſt directions for 
filling of glaſs tubes with the red vapour of ſpirit 
of nitre. Inſtead of doing it directly, from the 
ſolution of biſmuth, which is a difficult and diſ- 
agreeable operation, I adviſed to procure, in the firſt 
place, a quantity of what I now call nitrated calx of 
lad; and putting ſome of it into a glaſs tube, cloſed 
E | 
| with 


* 
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with the red vapour, and then immediately to ſeal 
it hermetically. This direction will {til} be right, 
provided that preſently afterwards that end of the 


tube which contains the nitrated calx' of lead be 


taken off, by melting the tube juſt beyond it, which 
indeed 1 then alſo adviſed to de, though 1 had 
not diſcovered the principal reaſon for it. For 


if the white calx from which the red vapour was 


expelled be ſuffered to rernain long in the tube, 


it will re- imbibe the whole of it. But then the 


vapour may be expelled again by heat, and will 
continue to fill the tube a conſiderable time. 


When l firſt produced che nitrated/calx of lead. 


it was by means of a rapid ſolution of pieces of biſ- 
front the veſſel in; which the ſolution w made; 


of nitre were frequently falling from the end of the 


tube out of which the vapour iſſued. This degree 
of moiſture J find NT e 


eee F 15 
; "Willing to try the effeft of a perfety &y hitrous 


vapour, I made the ſolution with the apparatus 
deſctibed Pl. V. fig. 3, interpoſing one of the in- 
verted phials between the two veſſels that I made 


1 ; 2 uſe 


"Part 1, 


through a bent tube connected with it, into the 
other veſſel, in which 1 had placed the red lead. 
But this vapour, as I then obſerved, was by no 
means dry; and ſmall drops of a very blue ſpirit 
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uſe of.: before]; and at firſt I concluded that this: 


dry. vapour would not be imbibed by the minium 


it had been confined in a phial with a. ground ſtop= . 


per, together with ſome minium, that it was com- 
pletely nn, no: hr we RR 
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united to, or loaded with phlogiſtony'I expoſed} 
to it ſeveral ſubſtances, which are ſaid to have à heat 
affinity with phlogiſton, as oil of vitriol, and ſpirit of 
nitre. (che former for above a month) but withbut 
Loo any ſenſible alteration in it. 
R that inflammable air} mixed 
th, the; fumes of; ſmoking ſpirit of nitre, gocs off 

3 one exploſion, exactly like a mixture of half com 
. W 


e inflummable ain at luth u ue 
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mon and halſ inflammable air. This I tried ſeveral 
times, by throwing the inflammable air into a phial 
full of ſpirit of nitre, with its mouth immerſed in 
à baſon containing ſome: of the ſame ſpirit, and 
then applying tlie ſtame of à candle to the mouth 
a the phial, the moment that it was en 
after it had been taken out of the baſon. 
This remarkable effect I haſtily concluded to 
have ariſen from the inflammable air having been 
in part deprived of its inflammability, by means of 
the ſtronger affinity, whielr the ſpirit of nitre had 


wich phlogiſton, and therefore I imagined that by 


letting them ſtand longer in contact, and eſpecially 
by agitating them ſtrongly together, I ſhould de- 
prive the airi of all its inflammability but neither 
of theſe operations ſucceeded: for ſtill the air was 
only exploded at once, as before. 
a And laſtly, when. paſſoct a quantity of inflam- 
mable air, which had been mixed with the fumes 
of ſpirit of i nitne, throught a body of water, and re⸗ 
ceived-it inn anbther veſſel,” it appeared not to have 
_ undergone: any change at all, for it went off in 

ſeveral fucceſſive exploſions, like the pureſt inflim- 
mahle air. The effe& above-mentioned ' mult; 
therefore, have been owing: to the fries of che 
ſpirit of nitre fupplying the place of common air 
ſor the purpoſe of ignition, which 15 RET 
| „„ 


I have 
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do 7 diverſified this . and 
obſerved ſeveral new circumſtances relating to it, 
and ſome of the reſults are ſufficiently curious. 
They fully confirmed my former obſervation, with 
theſe additions, that ſpirit of nitre takes phlogiſton 
1 e 
r mmunication with it; that when the 
is weak, and phlogiſticated, N 440 
a bf ge the inflammable air agitated in it 
reſembles à mixture of nitrous and infiammable 
air; aud that when the ſpirit of nitre is Kong, and 
Ye) Fu able air agitated in it explodes 
in the ſane manner as it does in conjunction with 
dephlogaſticated air. And, laſtly, what is ag e-. 
raarkable as any of theſe facts, is that this effect of 
the rigs 00 i of no long continuance. The 
facts, as L Gbddrwel cem, were as follows. ' _ 
Having filled a tall | with frogs ee 
2 of the fame, 1 23 
| the wie of it, by in 
mable air; e e pd 
2 


| / 
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into it burned naturally, but I think rather better 
tha in'the open zr. | ö ft 
In the colourleſs "Firit of nitre, Inch 6 the 
leaſt impregnated with the acid, the exploſion was 
not different from what it wayld have been if the 
| phial had been previouſly filled with water only.. 2 ; ” 
When this experiment Was made with the green 
or the blue” irit of nitre, and eſpecially the latter, 
which! is leſs acid than the former, the candle burn- 
ed wich 4 blue lampent fame in the neck of th the 
| phial, Just 45 10 ir a ſmall” uantity of nitrows air ha had, 
been mixed with the inflammable. 
he the ſpirit of nitre which is geen ringed with 
yellow,” which is the utrnioft the of the impreg- 
nation of water with thi nitrous acid, the inflam- 
able air went off wich n 00 exploſion, almoſt 
like a mixture of inflainimable' and dephlogilticated 
air. ap © ann 
In the preceding experiments, the inflamiiable 
air was fired immediately after it had diſplaced the 
ſpirit of nitre, without allowing any time for their 
mutual influence,” and Syithout agitation. © In the 
followihg *Experirtients'the effects of thoſe circum- 
ſtances were tried. ee eee 
Having introduced a quantity of demea 
alr into a phial previouſty filled with u 


of nitre, inverted in 4 baſon of the | 
tue r 212; 2 8 os „ 200 HW nt ts lowing 


* 
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lowing .i it to continue if in hat fi tuatioh, ,T Siilved 
that the air ſoon began to increaſe in bulk, and in 
a few hours it was one ſixth more than it had been. 
The next morning, wen 1 obſerved that it had 
increaſed very little more, I agitated" it; when, in 
about a minute, it was increaſed again one fifth, 
but more agitation hardly produced any fenfible 


effect. Upon this 1 applied to it the flame of a 


candle, when it went off with a very loud exploſion, 
in all reſpects like a mixture of dephlogiſticated 
and inflammable air. Going over the ſame proceſs 
with! blue ſpirit of nitre, the increaſe was much 


quicker, and more conſiderable; in all, one fourth 


of the whole. But it was reduced by agitation 


| reciſely to its former dimenſions, and when 1 ap- 
= the flame of a candle to it, it burned with a 


een flame, exactly like a mixture of nitrous and 
Inflamroable air, | 


It is eaſily inferred from theſe experiments, that 


the ſtrong yellow ſpirit of nitre, which contains the 
moſt acid with the leaſt phlogiſton, ſupplies the in- 
flammable air with a ſpecies of vapour, that, by 
readily uniting with its plilogiſton, promotes the 
accenſion of it, and thereby increaſes the force of 
its exploſion ; whereas the weaker and phlogiſticated 
acids ſeem to impart to it an additional quantity 
of phlogiſton, making it to be, in part, nitrous 


all, 
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It is very remarkable that, whatever be the ef. 
gel of the nitrous acid on inflammable air in th 
circumſtance above-mentioned, it is not in the 
degree permanent; and that nothing be- 
ng to the acid enters properly into the con- 
r 
with it. For if it be transſerred from the phial out 
of which it had expelled the nitrous acid, and in 
which it would have exploded all at once, into 
another phial, paſſing through a body of water, it 
immediately becomes the ſame thing that it had 
been before, making a great number of ſmall ex- 
ploſions in the mouth of the phial only, as I had 
obſerved formerly, and alſo upon this occaſion. | 

It is ſtill more remarkable, that if the inflam- 

air continue long in the vapour of ſpirit of 
pie, and be fired in it, without ever being removed. 
from it, it returns to its former ſtate, | 

A phial, three ſourths of which contained in- 
flammable air, in ſpirit of nitre (the phial being 
inverted in a baſon of the ſame) which had ſtogd 
n which 1 agitated a little before 
| gried it, burned upon the ſpirit of nitre exactly 
Ike inflammable air in r WY 
great number of exploſions. I alſo fired the air 
— fea he 

ame Without agitagon, | 
exploded 
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exploded craäy like the preceding, The colour 
of the flame was green. 


Leſt this difference ſhould have ane Guin this 


quality of the ſpirit of nitre, I immediately filled 
a phial with the very ſame acid, and diſplacing it 
with inflammable air, found that it was fired all 
| at once, with a very bright flame, as before ; and 
at the ſame time another quantity, ee pee 
agitated a little, made a louder exploſion. 


neceſſary to produce this remarkable change in the 
exploſion of inflammable air in the vapour of the 
ſpirit of nitre, I firſt let a quantity of it continue one 
night only in thoſe circumſtances, and the next 


morning it was fired with one bright exploſion, 


Another quantity was ſuffered to remain confined 
by ſpirit of nitre three days; when it burned at firſt 
with a greeniſh flame in the mouth of the phiah 
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Ie of oll e and ſpirit of whim 
in equal proportions diſſolved iron, and the 
mr e nitrous air; but a leſs degree of ſpirit 
of nitre in the mixture produced air that was in- 
flammable, and which burned with a green flame. 
It alſo tinged common air a 'licdle red, and diminiſh. 
F mn LE e TAY 
It is ſomething — thay en meu 
are diſſolved in a mixture of ſpirit of nitre, and 
any other acid, they act, in a manner, independently 
of each other; and that the nitrous acid, acting 
more ſuddenly than the others, produces its greateſt 
effect at the firſt, as the quality of the air diſcovers; 
the firſt produce in theſe caſes being always chiefly, 
and ſometimes almoſt wholly, nitrous. Afterwards 
there is an equal mixture of both, and the laſt pro- 
duce is inflimmable air. This will alſo be ſeen to 
be the caſe when theſe acids are impregnated with 


the nitrous vapour, and the metals afteryards di- 
* r 


' | | Uſing 
; * V. 2 
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- Uſing equal parts of oil of vitriol and fpirit of ni- 
tre, diluted with water, in the ſolution” of iron, the 
firſt produce, and the greateſt part of the bulk or 
the air, was ſtrong nitrous air, and the laſt was in- 
flammable. I obſerved alſo, that all the nitrous air 
came very rapidly, as is uſual in the ſolution of iron 
in ſpirit of nitre, but that the moment the effe& of 

the ſpirit of nitre was over, the air came equably 
and moderately ; und from this time'the Who pen 
duce was inflammable air. 

0 put ee quantities Gen of vithotanb Reg 
ſpirit of nitre, diluted by water, upon zinc, when 
the firſt produce was fired with an exploſion, exactiy 
(as will be ſeen in its proper place) like the air pro- 
duced from zinc by water impregnated with vitriolic 
acid air, and then with nitrous vapour ; a vivid flame 
| deſcending rapidly from the top to the bottom of 
the phial. But in the next produce the flame de- 
ſcended gradually, and in the laſt a candle burned 
quite naturally. In this experiment the effects of 
the two acids were not ſo diſtinguiſhable as in the 
preceding but then it is to be obſerved, that the 
ſolution mem 
ticated nitrous air. ODS. ee 
'- Becauſe à mixture of nitrous acid will iſcharge 
the biickedlont from phlogiſticated vitriolic acid, 
Mr. Beaume infers that the former has a ſtronger 
Fury with phlogiſton than the latter. He alfb 
$ obſerves 
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obſerves of this mixture that it will readily name 
oil of turpentine, but that nothing farther is known 
concerning it. 

I would obſerve, however, that the vitriolic acid 
. 
acid, and therefore, reaſoning as Mr. Beaumẽ does, 
we might draw a concluſion the reverſe of his, 
I would therefore rather ſay, that the two acids in 
conjunction have a different action upon phlogiſton 
than they have when ſeparate. | 

If the marine acid be mixed with the vitriolic, 
the marine acid air is inſtantly expelled, and the war 
ter is, I ſuppoſe, ſeized by the acid of vitriol. But 
when the vitriglic and nitrous acids are mixed, no 
ſuch effect takes place. They, therefore, ſeem ta 
occupy the water jointly, without either of them 
diſlodging the other, at leaſt in the ſpace of ſome 
— What more time will effect I have not yet 
Il ̃ l che nitrous acid be poured gently upon the vi- 
unmixed for ſome time ; but, without any agita - 
tion, they will incorporate gradually, a white cloudi- 
neſs being always ſeen where they are contiguous, 
When they are ſhaken together a ſmall degree of 
heat, will be produced, and numberleſs bubbles will 


be formed, which, however, are preſently abſorbed, 


There ig alſo at firſt a whiciſh vapour over the ſur- 
390 . - face 


face of the mixture; and after ſome time, thaugh 
depoſit of a white ſubſtance, which I have not yet 
I have obſerved that the yellow colour of the com- 
mon ſpirit of nitre is diſcharged by a mixture of the 
vitriolic acid. When I poured a weak green ſpirit 
of nitre upon concentrated oil of vitriol, it became 
yellow where they were contiguous; but the quan- 
tity of nitrous acid being much greater than that of 
the vitriolic, it was green above, without any vi- 
| ble yapgur on its ſurface. The next morning the 
nitrous acid was colourleſs, contiguous. . 
triolic, and the reſt yellow. 

Afterwards I poured upon concentrated ail f vi- 


triolic acid fix days. In one day they did not fem | 
o affect each other in the leaſt, but afterwards 2 | 
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In order to try the full power of the vitriolic act 
to diſcharge the colour of ſpirit of nitre, I diſſolved 

in the ſtrongeſt ſpirit of nitre a quantity of copper, 
. _ [which gave it a deep green colour. But on mixing 


it with vitriolic acid it inſtantly became perfectly co-— 


lourleſs, and the copper was e mee e in ths form 
of a white powder, © © 5 
I poured very gently a quantity eee 
made by impregnating marine acid with nitrous va- 
pour, on vitriolic acid, and at firſt it efferveſced 


very much, and the lower part was of a turbid white, 


while the upper part retained its orange colour. Af. 
ter ſome time the mixture was of a light orange 


vations upon it. 

To try how W Un nitrous acid vapour was 
| peqidtied? in this mixture of the two acids, I expoſed 
a part of the mixture to the heat of a common fire, 
in a long green glaſs tube hermetically ſealed, and 
| found that though I kept it boiling, it continued co- 
Jourleſs a conſiderable time. Afterwards a red va- 
pour was expelled from the mixture, and at length 
the whole tube was filled with it. But when it was 
cold the vapour was all abſoi bed again, and the mix- 


ture, which was then of a pale arange colour, be- 


came afterwards quite colourleſs; as at firſt. In 


A 


heat, 


throughout. I have eee 5 


a wn ww 8__ecea 
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heat, in conſequence of which the remainder was left 
ted, and then the two acids anne 
ae bo. 1 77 ag) | 3: ©. * 

Having, as is mentioned above; charred cee 
pretty remarkable phenomena that attend the mix 
ture of the nitrous and vitriolic acid, particular a 

turbid appearance, and a white depoſit, though 
both the acids were perfectly tranſparent, and think - 
ing that this might poſſibly ariſe from ſome extra- 
neous earthy matter, in the oil of vitriol, I repeated 
the experiment with a quantity which had been firſt: 
diſtilled; and then contentrated, and with a nitrous 
But this mixture was attended with the ſame phe- 
nomena as before, namely With kee. and d urh⁴ö 
white depoſit. n C81 5 | 

1 collected a quantity of this white depoſit, wary 
ſound that it was .compleatly diſſolved in ſpirit of 
ſalt, and gave it a yellow colour; ſo that it ſeems; 
to be ſamething contained in this acid, and probably 
eſſential to it. The —— deſerves to be e- 
peatet. bannt p43 
One of the „ that 
I. have hitherto obſerved relating to this mixture, 
is the extreme volatility that it ſeems to give to the 
nitrous acid, ſo that, as far as I can yet perceive, 
the whole of it makes its. eſcape from the mixture. 
2 This 


\ 


590 ost on P E 
This obſervation was at firſt quite caſual; For hav. 


of the ſtrongeſt kinds of each of theſe acids, in 4 
phial with a ground ſtopper, about four months, in 
which I had been abſent from home, I found, at 
my return, the ſtopper driven out, and nothing in 
the phial beſides the vitriolie acid, and, as far as 1 
could judge, quite pure. For when I diſſolved iron 
in it, nothing but inflammable” air was yielded, 
even from the beginning of the proceſs, and no mix- 
ture of nitrous air at all. Alſo the vitriolic acid 
was much weaker than it had been; ſo chat it had 


n um 
the 


I hd che ſame reſuk from: another nederure” 
equal quantities of the two acids, which' had ſtood 


in che phial without a topper” from the'6th'of June 
to the 23d of July; en t 
ed only one fourth of the whole. 

J alſo expoſed, during the ſame tire, — 
air, ſome of the cryſtals whiek F had obſerved' to? 
be formed by the impregnation of the vitriolic arĩd 
with the nitrous acid vapour. Phe c6nſequente 


wg that the cryſtals gradually difloved; and the 


quantity of liquid increaſtd, till it exceeded twice 
tho bulk of the cryſtils, When I diflblyed iron in 
n ting an ees inffammable air. 


When 


CY 


ing leſt the mixture, conſiſting! of equal quantities 


-—_ - eo. am. cf — 
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When the very firſt produce of it was' mixed with 


common air, there was no ſenſible diminution of 


it, o that there: ſeemed! to be no nitroes dr pro- 
duced. 


Anden thithid:6f. dpatatins dente Hier 
the vitriolic acid, and in much leſs time than the 
above, was by expoſing the mixture to nitrous alt. 
This I have obſerved phlogiſticates nitrous acid, and 
renders it extrernely volatile; fo that a very great 

proportion of it eſcapes. And when it is mixed 
with the vitriolic acid, and expoſed in the ſame 
manner, the whole of it ſcems to eſcape; © 

Having introduced à phial of this mixture into u 
jar of nittous air, in the faine manner as 1 had before” 
tteated the nitrous acid itſelf, I obſerved that it ab- 
ſorbed the nitrous air as faſt as the pure nitrous acid 
alone had done; m 
commetieed, it was covered with a denſe red va 


pour, and gradually aſſumed a light orange celder | 


throughout, beginning at the top. When the whole 
of it had acquired this colour, I withdrew it; and 
expoſed it twenty four hours to the open air; after” 
which the top was become of a light blue; and the 
bottom of à yellowiſh colour. I then put it into” 
another jar of nitrous air, and ſuffered it to remain 
there a formight, . which time I was abſent 
on a Journey,” 


* 


At 


— 
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At my return I found the mixture quite colours; 
lefs, though it had abſorbed: little more of the ni- 
trous air. I then diſſolved, i iron in it, and. i it yielded: 
nothing but inflammable air, of the ſtrongeſt kind,, 
without the leaſt mixture of nitrous air; the very 
firſt produce of it not in the leaſt affecting common 
air. The water in the jar in which this proceſs, was, 
made yielding air copiouſly, I collected a quantity. 
| of it, and found it to be ſtrong nitrous air. It had, 
been produced by the i en of the e 
nitrous vapour. 

In order to diſcover 2 ks tine this effe _ 
Ku ye Ib 6 produced, I repeated the experiment, and found 

after being expoſed four days to nitrous air, it 
became colourleſs, and the air produced by, it LN 
iron was all inflammable air. „ 

If the vitriolic and the marine acids be mixed, 
much, if not all, of the marine acid is preſently. 
expelled, in the form of marine. acid air, 1 Was, 
willing to try what would be the effect of adding 
this acid to the mixture of the two others above- 
mentioned ; and I obſerved that, when I had pour- 
ed a ſmall quantity of a perfectly colourleſs marine 
acid, very gently upon the other, preſently after they 
had been mixed, and while they were yet turbid, the 
marine; acid remained tranſparent upon them both 3 
but the place of contact preſently became of A beau- 

ns 
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tiful yellow of orange colour, very ſmall bubbles of 
air rifing now and then from it. 

The next morning the whole mixture was &\ a 
beautiful orange colour. When it was agitated, it 


frothed very much, and the air or vapour, eſcaped 
very rapidly, making, as it were, ſmall exploſions ; 
but after every agitation the mixture ſeemed to be 
more viſcid, the air eſcaping with more difficulty. 
After the agitation, it remained of a paler colour 
than before. Probably the marine abid air had been: 
in ſome meaſure, thrown out; and the next Way it 
was perfectly colourleſs, like water. 

Bits of paper and bits of wood were not ſenſibly 
aff by the mixture of nitrous and vitriolle acids, 
and they did not give it any colour; but a fly gave 
another quantity of it a browniſh tinge; though not 
very ſoon. The next day, that in which the vege- 
table. matter had been immerſed was of a light blue; 
and that into which the fly had been put was till of 
an orange colour, and rather deeper than before. 
Three weeks after this, both theſe mixtures having 
been a long time quite colourleſs, I diſſolved iron 
in them, and they both yielded- inflammable air 
only; ſo that, if this be any proof of the abſence of 
the nitrous acid, this acid had now entirely left the. 
mixture. 


Vor III. "© A mix» 
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A mixture of an equal quantity of nitrous and 
marine acid with iron, produced air which at firſt 
was the ſame as a mixture of nitrous and inflamma- 
ble air, burning with a lambent green flame; but 
the produce. of air kept continually approaching to 
the ſtate of pure inflammable air, and was at length 
wholly ſo; except that, at the laſt, it exploded with 
a blue flame; and the ſame phenomena occurred 
when more air was produced, pouring more ſpirit 
of ſalt into thedame phial containing the iron. 
An equal quantity of ſpirit of nitre and radical vi- 
| negar, diluted with water, produced, from iron, air 
which burned with a blue flame; but uſing more 
vinegar, the colour of the flame diſappeared, and 
the laſt produce was not at all different from com 
mon a air. 


8E c- 
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wy CTION. xx. 


A 


Experiments 0 on the 7 . of the Vapour of Acids 
| ae Erie 8 


| N. my experiments on the phlogiſtication of 

ſpirit of nitre by heat, it appeared that when pure 
air was expelled from what is ealled dephlogiſticated 
ſpirit of nitre, the remainder was left phlogiſticated. 
This I find abundantly confirmed by repeating the 
experiments in a different manner, and on a larger 
ſcale ; and I have applied the ſame proceſs to other 
acids, and liquors of a different kind. From theſe 
it will appear that oil of vitriol and ſpirit. of nitre, 
in their moſt dephlogiſticated ſtate, conſiſt of a pro- 
per ſaturation of the acids with phlogiſton ; ſo that 
what we have called the phlogi/tication of the m, 
ought rather to have been called their ebe, pblogiſt 
cation. 

1 a quantity of oil of vitral | 
as I had done the ſpirit of nitre, viz. expoſing it to 
heat in a glaſs tube hermetically ſealed, and nearly 
exhauſted ; and the reſult was ſimilar to that of the 
S with the nitrous acid,, with reſpect tg 

0 2 the 
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the expulſion of air from it, though the phlogiſti- 
cation not appearing by any change of colour, I did 
not in this method aſcertain that circumſtance. The 
particulars were as follows. 
After the acid had been made to boil ſome time, 
a denſe white vapour appeared in quick motion at a 
diſtance above the acid ; and though, on withdraw- 
* the fire, that vapour diſappeared, it inſtantly 
re · appeared on renewing the heat. When the tube 
was cool I opened it under water, and a quantity of 
air ruſhed out, though the acid had been made to 
boil violently while it was cloſing, ſo that there 
could not have been much air in the tube, This 
air, which muſt, therefore, have been generated in 
the tube, was a little worſe than common air, being 
of the ſtandard of 1.12, when the latter was 1.04. 
I repeated the experiment ſeveral K and always 
with the ſame reſult, 
That this air ſhould be worſe than common air 
I cannot well explain. But in my former experi- 
ments it appeared that'vitriolic acid air iyures com- 
mon air; and that in proportion as pure air is ex- 
pelled from this acid, the remainder becomes phlo- 
giſticated, or charged with vitriolic acid air, bg os 
appeared in the following experiment. 
Making a quantity of oil of vitriol boil in a glaſs 
retort, and making the vapour paſs through a red 
hot earthen tube, glazed inſide and out, and filled 
with 


. collected the * 
that diſtilled over, and found it to be the ſame 
thing with water impregnated with vitriolic acid 
air. The ſmell of it was exceedingly pungent, and 
it was evident that more of this air had eſcaped than 
oil of vitriol uſed in this proceſs was one ounce, nine 
pennyweights, eigliteen greins, and che liquor col- 
lected was fix pennyweights, twelve grains. When 
I collected the air that was produced in this man- 
ner, which I did not do at this time, it appeared to 
be very pure, about the ſtandard of 0.5 n | 
equal meaſures of nitrous air. ole DI Bis 

At another time, expending one ounce, cher 


pennyweights, eighteen grains of oil of vitriol, of 


the ſpecific gravity of 18 56 (that of water being 
1000) I collected nineteen pennyweights, fix grains 
of the volatile acid, of the ſpecific gravity. of 1340, 
and procured 130 ounce meaſures of | 
e ere vin. n | 
O0. 15. WAL URL, 

2 
of dephlogiſticated air ; but the principal objection 
to the proceſs is, that after uſing a few times, the 
_ earthen tubes become tender, and two eaſily break, 
eſpecially in heating or cooling. It is alſo difficult 
ee CT 
8233 tube. 
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tube. The air produced in this manner is filled 
with the denſeſt white cloud imaginable. | 

Going through the ſame proceſs with fpirix of 
nitre, the reſult was in all reſpects ſimilar, but 
much more ſtriking; the production of both dephlo- 


giſticated air and phlogiſticated acid vapour being 


prodigiouſly quicker, and more abundant. Ex- 


pending five ounces, eight pennyweights, fix grains 
of ſpirit of nitre, I collected ſix hundred ounce mea- 


ſures of the pureſt dephlogiſticated air, being of 


the ſtandard of 0.2. I alſo collected one ounce, 


ſeven pennyweights, fourteen grains of a greeniſh 
acid of nitre, which emitted copious red fymes. All 


the apparatus beyond the hot tube was filled with 
the denſeſt red vapour, and the water of the trough 
in which the air was received, was ſo much im- 
with it, that the ſmell was very ſtrong, 
and it ſpontaneouſly yielded nitrous air ſeveral days, 
juſt as water does when impregnated with nitrous 
vapour. Perceiving the emiſſion of air from this 
water after it had ſtood ſome time, I filled a jar 
containing thirty ounce meaſures with it, and with- 
out any heat it yielded two ounce meaſures of the 


eee 


aſter this diſtillation, the former was to the latter, 


As Gs to 1182. When en air pro- 


— duced 


PF. 
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duced in this;experiment; und that of the liquor diſ- 
tilled, is compared with that of the acid beſore diſ- 
tillation, it will appear that there muſt have been a 
great loſs of acid vapour, which was either retained. 
in the water of the trough, or eſcaped through it. 

| do not ſee that theſe experiments can be ex - 
plained but on the | ſuppoſition: that the moſt. deplo-! 
giſticated oil of vitriol: and ſpirit of nitre are, in a 
proper ſenſe, ſaturated with phlogiſton z and that 
when part of the acidifying principle is expelled in 
the an meren mme 
it. Ned STD 

3 9 — phlo- 
gien was convertible into pure air by this proceſs, 
I heated the liquor collected after the: diſtillation of 
the-oil-;of vitriol; that is, water - impregnated with 
vitriolic acid air, and made the vapour paſs through 
the hot tube; but no air came from it, and when 
collected a ſecond time, it was not at all different 
from what it had been beſore, the de ee, 
was alſo the ſamſmſſGgmga. 

It is evident, however, e ee 4 
not ſhew it, that the volatile vitriolic acid contains 
the proper element of dephlogiſticated air; ſinet by 
melting iron in vitriolic acid air, a quantity of fixed 
air, which is compoſed of inſlammable and dephlo- 
giſticated air, is produced. Melting iron in nine 
W. vitriolic acid air, it was reduced 

b . to 
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to o. 3 ounce meaſures, and oſ this 0.17 ounce mea- 
ſures was fixed air. I repeated the experiment with 
the ſame reſult, E 
found the air to be inflammable. 

But the reſult was A NN nn when I 
| lected in che proceſs ang — NO air, 
however, was produced at the firſt, nothing appear- 
ing beſides a red vapour, that was wholly abſorbed by 
water, or eſcaped through it into the atmoſphere. 
But towards the end of the proceſs, J collected ten 

ounce meaſures of dephlogiſticated air. The quantity 
- ofthe liquor expended was about twoounce meaſures, 
It may, however, be preſumed that this ſmall quan- 
eſcaped-the action of the fire in the former proceſs, 
Indeed its ooming at the laſt oniy may be-cotifider- 
od as a proof of this; as alli the more ene 
which came over firſt, yielded no air. 

1 ſubmitrod a quantity' af ſpitit of — boch 
theſe proceſſes, viz. expoſing to a boiling heat in 
glak tubes hermetically ſealed, and making the va- 
pourpaſs through à red hoc tube; but no air was 
in either caſe . In the former caſe the 
water ruſhed. into, and compleatly. filled, the tube 
when it was opened under water; and in the other 


the liquor diſtilled was preciſely of the ſame 
——————ů— 


: 
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fame, as before diſtillation ; but the acid chat re- 

mained in the retort was of leſs ſpecific gravity, in 
_ conſequence of the acid vapour being expelled by 
the heat in the form of marine acid air, a e | 
peared not to be affected by a red heat. 

Though in this proceſs with ſpirit of ſalt, the re- 
ſult is different from that of thoſe with oil of vitriol 
and ſpirit of nitre, yet there is an analogy among all 
theſe three acids in this reſpect, that the marine 
acid, like the volatile acids of vitriol and nitre, is x 
made by impregnating water with the acid vapour ; 
6 ther jp Jr 9nd fe Xe my, be ſaid to be phlo- 
| e 

It was evident that the water in the worm tub 
was much more heated by the diſtillation of the ſpirit 
of ſalt than by that of the oil of vitriol, and eſpecially 
that of the ſpirit of nitre; ſo that much of the heat 
by which it had been raiſed in vapour muſt, in the 
latter caſe, have been latent in the air that was 
formed ; whereas, in the other caſe, it was comimu- 
nicated to the water in the worm tub. We 

In one of the proceſſes with boiling ſpirit of Galt, 
in a glaſs tube hermetically ſealed, I had the fame 
white vapour dancing in the middle of the tube, as 
in the experiment with the oil of vitriol ; but this 
tube burſt, and I never had the ſame appearance 
again, though I repeated the W gere ſeveral 
rimes' for the fake of it, __ 


The 
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The vapour of dephlogiſticated marine acid, 
which Mr. Bertholet diſcovered, and with which 
' water may be impregnated, as with fixed air being 
made to paſs through the hot tube, became dephlo- 
giſticated air, as in the following experiment. 


Having poured 2 quantity of ſpirit of falt upon 
ſome manganeſe in a glaſs retort, I I heated it, as in 
the preceding experiments, with a proper apparatus 
both for receiving the diſtilled liquor and the air. 
1 found ſeven tenths of the air was fixed air, and 
the remainder very pure dephlogiſticated. The 
quantity I could not - meaſure, on account of one 
| of the junctures in the apparatus giving way; but 

1 do not imagine that quite ſo much pure air could 


be got in this method as from the manganeſe itſelf 


in a direct proceſs. The liquor received in this 
diſtillation reſembled ſtrong ſpirit of falt, in me 
manganeſe had been Put. 


This proceſs | immediately ſucceeding that in 


which the glaſs tube, joining the earthen tube, and | 


the worm tub, was left, full of black matter by 
the diſtillation of the alkaline liquor, the black- 


neſs preſently vaniſhed, and the tube became tranſ- 


parent as before, On this account, however 7 it is 


poſſible that I might receive leſs. . air l, I 
Ra Wwe have done. 


[ 
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Diſtilled vinegar ſubmitted to this procels yield-- 
ie air, two thirds of which was fixed air, and the 
reſt inflammable. Expending two ounces nineteen . 
pennyweights of the acid, I got one ounce nineteen 
penny weights of a liquor which had a more pun- 
gent ſmell than it had had before diſtillation, - It 
had alſo ſame black matter in it, and ſome. of the 
ſame remained at the bottom of the retort. when 
the liquor was evaporated to dryneſs. The air 8 | 
raue Ma any ounce n 


„„ AT 64 


"SECTION, xxl. 
Miſcellaneous Experiments on nitrous A 


Be e HAY e 


TAVING berg informed: by.. Dr. Small and 


Mr. Bolton of Birmingham, that paper dip- 
ped | in a ſolution of copper in ſpirit of nitre would 


take fire with a moderate heat (a fact which I after- 


wards found mentioned in the Philoſophical Tranſ- 
actions) it occurred to me that this would be very 


| % con- 
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convenient for experiments relating to ignition in 
different kinds of air; and indeed I found that it 
was eaſily fired, either by a burning lens, or the 
approach of red hot iron on the outſide of the phial 


in which it was contained, and that any part of it 


being once fired, the whole was preſently reduced 
to aſhes; provided it was previouſly made tho- 
roughly dry, which, Uh it is not wp ny 
to 1. 

With this epd 1 found that this paſes 


burned freely in all kinds of air, but not in vacuo, 
which is alſo the caſe with gunpowder ; and, as I 
have in effect obſerved before, all the kinds of air 


in which this paper was burted received an addition 
to their bulk, which conſiſted partly of nitrous air, 
from the nitrous precipitate, and partly of in- 
flammable air, from the paper. As the cir- 


cumſtances attending the ignition of this paper in 


inflammable air were a little en I ſhall 
Juſt recite tem. 

Firing this paper in inflommable air, which it r did 
without any ignition of the inflammable air itſelf, 
the quantity increaſed regularly, till the * in 
which the proceſs was made was nearly full; but 
1 Wl ene u _ _ 


. diſappeared. 


* 


2. Of 


L% 
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2. Of the firing of Gunpowder in different Kinds of 

he , | Air. Lt | , | f 4 
Gunpowder is alſo fired in all kinds of air, and, 
in the quantity in which I tried it, did not make 
any ſenſible change in them, except that the com- 
mon air in which it was fired would not afterwards 
admit a candle to burn in it. In order to try this 
experiment J half exhauſted a receiver, and then 
with a burning-glaſs fired the gunpowder which 
had been previouſly put into it. By this means I 
could fire a greater quantity of gunpowder in a 
ſmall quantity of air, and avoid the hazard of blow- 
ing up, and breaking my receiver. 

I own that I was. rather afraid of firing gunpow- 
4 in inflammable air, but there was no . 
for my fear; for it exploded quite freely in this 
air, ROY it, in all reſpects, Juſt as it was be. 
fore. 

. 0 indeed 


almoſt all the experiments of firing gunpowder in 
different Rinds of air, I placed the powder upon a 

convenient ſtand within my receiver, and having 
carefully exhauſted it by a pump of Mr. Smeaton's 
conſtruction, I filled the receiver with any kind of 
air by the apparatus deſcribed. PL II. fig. 14, taking 
R &c. which con- 
veyed 
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veyed the air ſhould contain little or no common | 
air. In the experiment with inflammable air a 


conſiderable mixture of common air would have 


been exceedingly hazardous : for, by that aſſiſtance, 
the inflammable air might have exploded in ſuch 
a ay as to have ers dangerous to the Sn: 
tor. 

"FA Oe I filled a ga veſſel with en 
and introduced the air to it, when it was inverted 
in a baſon of quickſilver. By this means 1 entirely - 
avoided any mixture of common air; but then it 


was not eaſy to convey the gunpowder into it, in 


the exact quantity that was requiſite for my pur- 
poſe. This, however, was the only method by 
which I could contrive to fire gunpowder in acid 
or alkaline air, in which mne as it did 
in nitrous or fixed air. 

1 burned a conſiderable quantity of . 
in an exhauſted receiver (fpr it is well known that 
it will not explode in it) but the air I got from 
it was very inconſiderable, and in theſe circum- 


ſtances was neceſſarily mixed with mem air. A 


candle would not burn in it. 


2 5 bo 29 au! rute fue n crm. 


a half an ounce of luda and . 


ing ſaturated it with ſpirit of nitre, I dried it, 


1 
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put it into a gun barrel, filled up to the mouth 
with pounded flint, and placed veſſels filled with 
water to receive the air. The conſequence was, 
that as ſoon as this mixture began to be warm, air 
was generated very faſt, inſomuch that, being rather 
alarmed, I ſtood on one ſide; when preſently there 
was a violent and loud exploſion, by which all the 
contents of the gun barrel were driven out with 
great force, daſhing to pieces the veſſels that were 
placed to receive the air, and diſperſing the frag- 
ments all over the room; ſo that all the air which 
I had collected, and which was about a pint, was 
loſt. The mixture, before. it was put into the 
gun barrel, was betwixt/white and yellow, and had | 
very mech the ſmell of ſulphur ;. ſo that it was in 
fact a compoſition ſimilar to gunpowder.  _ 
Being deſirous to know what kind of air 1 had | 
got by this proceſs, I put the ſame materials into 
1084 mk and putting it into a. crucible with | 
ſand, diſpoſed the apparatus for receiving the air 
in ſuch a manner, that the exploſion could not af- 
ſect it. It did explode as before, but the air was 
preſerved, and appeared to be very ſtrong nitrous 
air, almoſt as much ſo as that which is procured by 
che ſolution of merals. ML DAE 
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* EXPERIMENTS RELATING TO THE MARINE Acid. 


SECTION Ip 
of the que, of the Marine A. 


\ LL the chemiſts, as far as 1 can find, who 

have written on the ſubject of the marine 
acid, ſpeak of its colour, as of a thing eſſential to it, 
and never fail to mention this as a neceſſary part of 
its definition: * Thus Mr. Macquer, in his Dic- 
tionaty, ſays, that this acid differs from the vitriolic 
in having ſmell and colour.” He alſo ſays, it differs 


from the nitrous acid by its colour, «which is more 


yellow and leſs red.” 

In my early experiments e 
attention to this ſubject, but at that time I had not 
been able to aſcertain on what it n 

4 


wy 


„ — i Ao 
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of. this/acid depends... Sometimes, I obſerved, I 
had procured it quite colourleſs, eſpecially when 
I macdde it by impreguating water with marine aj, 
air, bur at other times I was not able, ghough-T 
endeavouredl to do it, to procure it without colour. 
[ have ſince, however, perſectly ſatisfied-myſelf with 
reſpe& to the colour of this acid, and can at any 
time make it as colourleſs as water itſelf, the colour 
always coming from ſome impregnation, generally, 
if not always, of ſome earthy matter; with almoſt 
every thing of which kind it unites, and from which 


it generally takes ſome- colour or other. I can alſo 


inftantly diſcharge-any colour that this acid has ac- 
quired, and reſtore it again at pleadure, ng ee 
in che oourſe of theſe obſervations. 
As I always make my own ſpirit of ſalt, wel | 
Ae folodda of nitre, and was ſatisfied-from my 
former obſervations, that colour is not eſſentlal to 
this acid, any more than to the nitrous, or the 
vitriohe ; on the firſt of Auguſt, 1777, having oc- 
caſion for a quantity of ſpirit of ſalt, I was deter- 
mined to make the diſtillation with all the attention 
that I could give to it, taking the produce at dif- 
ferent times, which is my general cuſtom, and which. 
has been the occaſion of my making 4 variety of 
important obſervations. I alſo received the ſuper- 
flupus vapour, or marine acid air, with the ſame | 
Vor. III. moot | precau- 
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precautions, and in the ſame manner. The ap. 
paratus was nearly the ſame with that of whith a 
drawing is given in Pl. V. fig; 4. The retort only 
being much larger, and uſing phials with water 
inſtead of the cup g. nns 
make uſe of any adopte.. 

Every thing being thus ntepared, and having 


luted the veſſels with a mixture of clay and fine 


ſand, I began the diſtillation; and obſerved that 


the firſt produce was ſtraw coloured, as uſual; but 


water. Alſo, all the 'impregnations of the water 
with the ſuperfluous vapour were colourlefs.' But 
the heat happening to abate towards the end of the 
proceſs, a quantity of water ruſned ſuddenly from 
the phial that received the impregnation, through 


the receiver, into the phial that contained the diſ- 


tilled" acid; when all the acid that was in it, which 
was then quite colourleſs, immediately aſſumed as 
deep a ftraw colour, as that of the firſt en of 
the diſtillation. 
This proceſs might have been ſufficient to ex- 
plain to me the whole myſtery of the colouring of 
the ſpirit of ſalt; but it did not, and all the real 
acvantage I gained by it was having in my poſſeſ- 


ſion a large quantity of pure colourleſs ſpirit of ſalt, 


to which I might endeavour to give colour in fu- 


* 
* ' Pa KC 1 n » 
.« - 1 Lay re 
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ture experiments. For all the hypotheſis that oc- + 
curred to me from conſidering the phenomena of 
this proceſs. was, that the colouring of this acid, as 
in moſt other caſes, and eſpecially in ſpirit of nitre, 
was owing to heat, or phlogifton ; ſo that I was miſ- 
led by the general maxims of the chemiſts, and alſo 
by the analogy of the two acids, and, indeed, that of 
the vitriolic acid alſo, which is known to acquire its, 
black colour from ſubſtances containing phlogiſton. 
Thus I conſidered the colour of the firſt produce 
of ſpirit of ſalt, in the above-mentioned proceſs, as 
ſimilar to the uſual colour of che ful produce in 
the diſtillation of ſpirit of nitre, viz. to ſome un- 
obſerved phlogiſtic matter in the materials: and 
I conſidered the deep ſtraw- colour at the laſt; as 
occaſioned, - likewiſe, '-by ſome | phlogiſtic matter 
driven into the veſſel, by the ſudden 'ruſhing in of 
ſpirit of nitre to become inſtantly of a deep green 
by a ſimilar ruſhing of water into the recipient. 
Conceiving that it muſt be phlogiſton that gave 
colour to this acid; as well as to the nitrous acid 
and the vitriolic, I imagined I had nothing to do 
but to [diſcover the proper mode of combining 
them and I made trial of ſeveral things for that 
| purpoſe, as putting into the colourleſs acid bits of 
charcoal, quenching” hot charcoal f in it, and mixing 
wich it various other ſubſtances containing phlo- 
Sign P2 giſton, 
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giſton, me en n e ARE Wy 
effect. 
A. L kid iven'ectobr ts hae of titre vy mech 
"bending it in glaſs tubes hermetically ſealed, I fub- 
mitted the ſpirit of ſalt to the fame trial; and for 
ſome time imagined that I had ſucceeded. ' For, 
„ e e e moped eres 
coloured in theſe circumſtances. | 
| About half an ounce meafure' of colourleſs ſpirit 
of ſalt being confined in a-\glafs* tube an inch in 
diameter, and three feet long, hermetically ſealed, 
on being expoſed to heat, "preſently aſſumed the 
deepeſt uſual colour of ſpirit of ſalt. Suſpecting 
that there might have been ſome unperceived bit 
of ſtraw, or ſome ſuch thing in the large tube, I 
took a ſmall one that was perfe&tly clean; and pre. 
paring it in the ſame manner, I expoſed it to the 
heat of a common fire, and with the very ſame re- 
ſult. e e e erer 
Jour,” 0:27 IEW T9 

But 1 was more confirmed in my opinion that 
it was heat, or phlogiſton, or both, that produced 
this effect by finding that 1 got a peculiarly deep 
ſtraw colour when 1 had incloſed the ſpirit of falt 
in a tube in which ſome dil had been before ex- 
poſed to heat in the ſame manner, and to which 2 
Uttle of it adhered: and, what I had not much at- 


rended tb before, 1 now 'obſtrved" Wir the eil 
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retained this ſtraw colour when it was quite cold. 
But, notwithſtanding theſe promiſing appearance, 
my hypotheſis was totally overturned by finding, a 
day or two afterwards, that when 1 had expoſed 
two glaſs tubes, in all reſpects, as neatly as 1 could 
judge, alike, containing the fame ' colourleſs ſpirit 
of ſalt, to the ſame fire, and the ſame length of 
time, only one of them acquired the ſtra colour, 
while: the other continued colourleſs, as. at firſt. 
tion, but could not diſcover any cauſe of this dif- 
ference. There was indeed, more of the earthy 
matter, of which I ſhall treat preſently; in the tube 
in which the acid was coloured, but that in which 
the acid continued colourleſs had a ſmall crack in 

it, out of which ſome of the acid had oozed, fo 
chat I did not attribute this difference of coloar 

to that circumſtance. + 

At length, on the ech of Seprembeiy 1 diſcover: 
ed, by the mereſt accident, the whole myſtery of 
what I had been ſo long, and fo intently inveſti- 
gating. For, having ſome other uſe for the phial 
which contained the ſpirit of ſalt, I poured it into 
another phial, in which there had formerly been 
ſome iron filings and water, and the fides of which 
had a ſlight incruſtation of ochre, which is known 
to give to glaſs a tinge that is not eaſily got out; 
but the moment that the colourleſs ſpirit of ſalt 

a of. touched 
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touched this red incruſtation, it became of a deep 
ſtraw colour, and the phial wherever n 
touched by the acid, was perfectly clean. 

Aſter this it was impoſſible not to * that 
tho colour of ſpirit of ſalt is not owing to. phlo- 
giſtic matter, like the colour of oil of vitriol, or 
that of ſpirit- of nitre, but to an impregnation of 
ſome earthy matter, with which it is known readily 
to unite ; and farther obſervations preſently. placed 
this hypotheſis beyond all poſſible doubt. I was 
now alſo ſatisfied, that the firſt produce of ſpirit of 
ſalt, in the proceſs above · mentioned, muſt: have 
touched ſome of the clay, or ſand, with which the 
veſſels had been luted, and that the water, in its 
violently ruſhing into the receiyer, muſt have met 
with more of it, though at that time, ſuſpecting 
nothing of the true cauſe of the eee 1 a | 
not 1 1 
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TAVING: now. obſerved. * — of the 

marine acid ta diſſalue carths, I was deſiroua 
of examining, the cireumſtaaces rer nen 
2 -of this kind, both with, reſpedt,. to, the 
me £98. the colour A 


Spirit of falt diffolyes-4. great quantity of ruſt . 
of iron with efferveſcende, but not with much heat. 


The mixture was of a very deep brown, and what. . 


Was not diflolved was of a dirty blackiſh, colour, 


But poſſibly this might be owing to the ruſt of 
iron not being perfectly free from all foreign mat- 
ters. The ſpirit of, At thus ſaturated with the 
ruſt of i iron Ace iron filings, and Produced in- 
| flammable air; aſter which it was green. ving 
ſaturated. a quantity of ſpirit of falt with the, ruſt of / 
iron, I evaporated. it to dryneſs, when all the fluid 
part was diſperſed in colourleſs fumes, and the ochre. 


Was. 11 behind, and was re- diſſolyed by * 
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of ſalt. I would obſerve, by the way, that ſpirit of 
ſalt is of excellent uſe to clean glaſs veſſels tinged | 
with the ruſt of iron, and many other matters, 
This may poſſibly have been known to others. 
To me che obſervation nde but of great 
value. 
This acid dwed a large quantity of flows of 
inc with great heat and efferveſcence. During 
the ſolution the acid became of a turbid black 
colour, bit when it ft6od to fübſide, the black 
| matter Hosting in it was depoſited upon a mixture 
6f black and white matter at the bottom of the 
phial; and the ſaturated acid was quite colourleſs, 
exaltly like water. Alſo when T put flowers of zincto 
25 of falt deeply coloured with the ruſt of iron, 
aid becume colourleſs gin. 
"Mohit became white by the aki of the 
ri of kat, which acquired from it à beautiful 
y bw cher. A great quantity of it was diſſolv- 
ed, "though more of it remained undiſſolved than 
of the, flowers of zinc. When the red colbur of 
the mihium vas quite difcharged, freſh ſpirit of 
falt, thgbghlit Aves: ind beckme ſaturared with 
the white minium, acquired ho colour frorti l. 
Wpen 1 Had frequetitly waſhed a large quantity 
rnit m ſpirit of falt (though not till no more 
"of it wont have been diſſolved) 1 put it into a 
green glaſt retort, und pe it to as tnuch hear 
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as the glaſs would bear, I got from it hardly any 
fixed air, but about as much dephlogiſticated air 
as I imagine it would have yielded before any 
„ It ſeems, 
therefore, that the ſpirit of ſalt has no power 
ol affecting its property of yielding dephlogiſti- 
cated air. The matter melted into à red fluid 
ſubſtance, which, when cold, expanded, and broke 
the retort. This reſiduum gave 5 | 
ſpirit of ſalt. 0 

Spirit of ſalt, I have ebletved; b nen 
quantity of minium. In order to diſcover what be- 
came of the dephlogiſticated air it contains; I diſ- 


tilled a quantity of that ſolution, which was of a yel- 


low colour, made by the firſt affuſion of the acid. 

When the ſolution became hot it yielded a quantity 
of dephlogiſticated air, mixed with a very ſinall 
quantity of fixed air, fo as to make lime water tur. 
bid only in the ſlighteſt degree. As it boiled; no air 
ar "way procured, nor when r 
b Wee ln che ie induc Mai 
of white minium, made ſo by its colour having been 
diſcharged by a previous affuſion of the acid. But 
this ſolution yielded no air at all from the beginning 
to the end of the proceſs. Nor was the common 


air in the retort  phlogittcares er at the beginning 
or the end. 


9 1 * 
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| Spirit of alt diſſolved a great quantity df red pre- 
cipitate, with great heat, but without efferveſcence. 


During the ſolution. the acid was of a a 


white colour, and the precipitate is generally black, 
though ſome parts of it continued red till they were 
quite diſſolved. But what remained undiſſolved at 


the laſt was all black. After it had ſubſided, all the 
opake matter was depoſited, dos 


tifully tranſparent. 

This acid diſſolves a great quantity of ini 
minaris, but not the whole, of any part of it. The 
ſolution, is made without heat, and in leaves, 1 co- 
lour whatever in the ſpirit of ſalt. 


Spirit of ſalt had no effect whatever ebe 


timony, on walfram, calcined or uncalcined, or on 

white arſenic. Ie i not aol by vermin imme> 
| diately ;. bur in time it acquires from it a; delicate 
yellow. colour. It has alſo no ſenſible immediate 
effect on the hlack powder into which mercury is 
converted ; but when lead is mixed with it, 1 in 


time, acquires a deep orange colour from it. T 
muſt be produced by its ſeparating the calx of lead 


from. the ſuperphlogiſticated mercury, with Wien 
it is mixed. 

All the above mentioned ſolutions are thoſe of 
metallic carths, or other metallic matters, in ſpirit 
of ſalt. The following obſervations relate to the ſo- 
lution of earthy ſulſtances of a different kind in the 
re acid, 


Colour- 


- £45 58: ea ap a 
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Colourleſs ſpirit of ſalt Aiſfolves completcly a 
great quantity of very white lime, and is then of a, 
ſtraw colour; and the ſame was the effect of the ſo- 
lution of a pure lime from oyſter ſhells. - It alſo diſ- 
ſolved as much lime of a common ſort, and was then 
of a true: orange colour. But this ſeemed; to be 5 
owing to a browniſh matter in the lime, which was 
probably ſome earth of iron ths. Was i, 
in "TIME 

This acid Gee «large quantity of-enlinad- 
magidghs; {cdl in theniefs u eu o 2044 its 
It does not ſenſibly” affect gig, but when it vas. 
confined in a glaſs cube hermetically ſealed, with a 
quantity of pounded glaſs, and expoſed to a boiling 
heat, the glaſs ſeemed to be a good deal difſolyed, 
and the acid became of a ſtraw colour. 

From pipe clay ſpirit of ſalt acquires A delicate 
yellow colour. 

Wood aſhes, out of which air had been expelled 
by heat, were diſſolved in ſpirit of ſalt, and be- 
came black, bur de colour 'of the' ae ee e 
changed. ,, 
_ following ſubſtances were not ſenſibly affet- 

ed by ſpirit of ſalt, viz. plaiſter of Paris, ſteatites, 
flint, - zeolyte, fluor cruſt, Moſcovy tale, cream 
of tartar, ſedative ſalt, or borax. It had alſo no 
effect on the black matter that remains in the retort, | 


after the R 


The 


— — — 
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The black flakes, which remain after” the ſolu- 
tion of ſilver in ſpirit of nitre, are diflolved by ſpirit 
of ſalt, and impart to it a yellow colour. | 
It appears to me that it-might be of conſiderable 
importance'to the advancement of chemical know- 
ledge to go through with the examination of all 
earthy ſubſtances in this manner, aſcertaining whe- 
ther they be ſoluble or inſoluble in ſpirit of ſalt, and 
noting all the phenomena reſpecting either the earths 
themſelves; or the acid, and the reſults 
— it is unknomn to me.s mii 
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Erimen ren 16 the Diſcharge of the uu Ul 
ng een re 


HAVE cnentibncd-oas: fone abs. 
| loured'fpirit of ſalt had its colour diſcharged by 
Nene ps med Afterwards I accidentally found 
another ſubſtance that produced the ſame effect; and 
having had the curioſity to carry my obſervations 
relating to this ſubject to; ſome length, I was for- 
tunate enough to ſucceed in the inveſtigation be- 
FF 


| tobe aſcertained with reſpect to i. 


I had been extracting air from cream of tartar by 
means of oil of vitriol, firſt in a phial with a ground 
ſtopper, with very little heat, and then with a red 
hot ſand heat. The black reſiduum I diſſolved in 
ſpirit of falt, which was of the uſual ſtraw colour, 
and I found that, inſtead of giving any colour to it 
(which conſidering. the blackneſs of the ſubſtance, 
I fully expected) it made it perfectiy colourleſs like 
water; and, during, the ſolution, 1 perceived a 
ſtrong ſmell of liver of ſulphur. Afterwards I had 
the funny refute de ie Elan e eee e 


1 5 oll 
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oil of vitriol and cream of tartar, which had not 
been calcined. This matter being expoſed to the 
open air attracted the moiſture of the atmoſphere 
very ſtrongly, and had the conſiſtence and ſmell of 
treacle. In time the more ſolid part formed itſelf 
into a cake, Ar aug: I dried 
the reſt for other purpoſes. 
After this I had the ſame effect from ho | 
| coal of cream of tartar, calcined to blacknefs. The 
— ſmell of this tartar, during the calcination, exactly 
reſembled that of ſugar or treacle. To ſpirit of 
ſalt, this coal, which was diſſolved by it very rapid- 
ly, gave no colour whatever; but, on the contrary, - 
diſcharged whatever colour it had acquired by any 
other impregiWMtion ; provided that, as in all the 
former caſes, the colour was not too deep in propor- 
tion to the quantity of the coal of tartar. For the 
purpoſe of theſe experiments I happened principally 
to make uſe of a quantity of ſpirit of ſalt which had 
acquired a beautiful yellow colour from the ſolution 
of the white matter that remains after diſtilling to 
dryneſs a quantity of common oil of vitriol, the co-' 
lour of this ſolution being eaſily diſcharged by a 
ſmall quantity of the coal of tartar, and thereby an- 
ſwering my purpoſe remarkably well in the ſubſe- 
quent experiments. 
Taartar calcined to "whiteneſs (the back * 
being expelled by long continued heat) had ae 
e 


A 
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* 
95 1 
oy 


en. Ni MARINE ACID. .* 083 


effett'on” the coloured fpirit of falt with the black | 
coal of tartar, and was diſſolved with equal rapidity. - 

The power of this coal of tartar to diſcharge the co- 
lour,of ſpirit of ſalt was exhauſted by being uſed for 
this purpoſe. * For when it had diſcharged the co- 
Jour of one impregnation, and was taken out, well 

waſhed, and dried, it had no effect a ſecond. time, 


It alſo loſt this virtue by being waſhed with ſpirit . 


mas 


nation. 
Tbe fahuicn of falt of tartar in ſpric of ſale very 


auch reſembled. the ſolution of the coal of tartar in 
it, and after the longeſt calcination that I ever gave 
the coal of tartar, it ſtill yielded a great quantity of 
fixed air. But, notwithſtanding this | reſemblance; 
the /alt of tartar had no effect on the colour of this 
acid, neither was the colour ſenſibly affected by an 
impregnation with fixed-air; It was not, therefore, 
the fixed eit in.che, omar. thas had, producer, this 8 
S a 
5 . . 
its ſolution in the ſpirit of ſalt, emitted a ſmell. of 
liver of ſulphur. This gave me the hint of trying 
liver of ſulphur, and I preſently found it an- 
ſwered my purpoſes much better than the coal of 
tartar itſelf, diſcharging inſtantly the deepeſt yellow 
colour that the acid ever acquired. It was evident, 
therefore, that the diſcharge of the colour was owing 
525 to 
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224 OBSERVATIONS ON Port IL 
liver of ſulphur, which 1 imagined to be phlogiſton 
in ſome common ſtate, an hypotheſis which was 
rendered more probable by an experiment that will 
be recited preſently; though it is certainly not fa- 
en en of zinc nn n 
effect. 

The moſt remarkable Ae mne mig © to 
the diſcharge of the colour of ſpirit of falt is that, 
when it is expoſed to the open air, it never fails to 
recover the colour that had been diſcharged, and a 
very little air ne eee wit it is 
Acker for the purpoſe. - 

The firſt time that 1 ae tit; was when I 
had coloured a quantity of ſpirit of ſalt with the 
reſiduum of oil of vitriol, which, as I have obſerved, 
gives it a yellow tinge, and had diſcharged the co- 
lour by the ſolution of black coal of tartar. For 
when had, for ſome purpoſe or other, taken out 
the ſtopper of the phial in which it was kept, I found 
- that, in a few days, it Aren nad reoventd in 
former yellow colour. 

When this proceſs is made in a call "_ it is 
pleaſing - to obſerve how the reſtoration of the co- 
lour begins at the top, and, in the courſe of a few 
days, deſcends gradually to the bottom, - But let it 
be kept ever ſo long in a phial cloſed ſtopped, where 
no air can have acceſs to it, and it will always con- 


* 
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HP, 
tinue colourleſs. L once kept a quantity of ſpirit of | 


falt, firſt coloured, and then rendered tranſparent, in 
- this manner, ſeveral months, in a phial with a glaſi 
Rapper, and it continued colourleſs all the time; 
but upon taking out the ſtopper, it recovered in 3 
few. days its original colour, but more abet ur- 
tar diſcharged this colour a ſecond time. 9 Ae 

I once had an inſtance of a quantity of this acid 
recovering its colour ſpontaneouſly in a manner that 
I cannot well account for. Aſter the colour had 
been completely diſcharged, it had been confined in 
a phial with a glaſs ſtopper, and a very ſmall-quan- 
tity of air. In theſe circumſtances it recayered. its 
colour in two or three days; ei bm 
without having been opened in the mean time, it 
was found colourleſs again. I ſuppoſe there might re- 
main enough of the black coal in the acid to diſcharge 
all the colour it had been able to recover by means 
af the air on its ſurface ; but then why did not 
the ſy conc e RON am its Saler 
all? , 

dere Giclee 66 this was-th i 
ſervation. On the 19th of November 1378, hav- 
ing a quantity of ſpirit of falt which had acquired a 


deep yellow colour from various impregnations, I 


took two equal quantities of it, and putting them 
into equal phials, I diſcharged the colour of one of 
them with zur of fulnbur, and that of the other 
t. III. Q with 
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of the latter was neceſſary for the purpoſe, but only 


a very ſmall quantity of the former. In the diſ- 


charge of the colour with' the flowers of zinc I alſo 
perceived a ſlight ſmell of-liver of ſulphur. 

Theſe two phjals, containing equally colourleſs 
ſpirit of ſalt, I covered with equal jars of common air 
ſtanding in water ; and in a day or two. perceived 
that the acid in both of them had begun to recover 
its yellow colour ; but that in which the colour had 
been diſcharged with flowers of zinc went no farther 
than about half way towards the bottom of the phial, 
and then the acid gradually became colourleſs again ; 
whereas the acid in the other phial completely re- 
covered its former colour. Thus they continued 


without any appearance of a farther change, till De- 
| cember 3, when I examined the air to which they 
had been expoſed, and found it nearly in the ſame 


ſtate. in them both, and conſiderably worſe than 
common air. With the air expoſed to the phial 
with the flowers of zinc the meaſures of the teſt 
were 1.35, and with the liver of ſulphur, 1.33. 
My the common air, at the ſame time, they were 

| Conſidering the difference of the circumſtances 


Dy Tha opted 4 grout ND 


ence in the reſult. 


Both liver of ſulphur and fowergof zinc, I FIRY 
obſerved, diſcharge the calour of ſpirit of ſalt, But 


when 


Part II. 
with has of wine, 0 obſerving that a large quantity 
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when I diſcharged the colour of a quantity of this 
acid, made very yellow with various impregnations, 
with liver of ſulphur, it recovered its colour by being 
expoſed to the open air. On the contrary, though 
flowers of zinc produced the ſame effect, in diſs 
charging the colour of another portion of the ſame 
acid, the colour did not return by expoſure to the 


air, not even though liver of fulphur was dle | 


put to it. 
le is evident from theſe experiments that the co- 


lour of theſe i impregnations aroſe from their imbibing 
dephlogiſticated air from the atmoſphere. | 


SECTION Iv. 


Of the Effet of a continued Heat on Spirit of Salt in 
N "Jieh Aan Tubes hermetically ſealed. | 


FAVING made theſe ſolutions of Adr mat- 

ters in ſpirit of ſalt, I expoſed ſeveral of the 
ſaturated ſolutions, and other things into which the 
marine acid enters to a continued heat, and noted 
ſeveral remarkable effects of that proceſs. But be- 
ore] relate any” of dem nn 
© & Ba an 
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an account of the treating of pure ſpirit of ſalt in 
the ſame manner, beſides what has been ſaid of this 
proceſs in a former ſection. In general, the ſpirit 
of falt, expoſed to heat in glaſs tubes hermetically 
ſealed, is enabled to do what it is incapable of in 
other circumſtances, viz. to diſſolve the glaſs itſelf, 
and more eaſily to ſeize upon metallic matters, as 
the calx of lead, and therewith to apa ons 
ane into which the acid itſelf enters. 
On the Zoth of Auguſt, 1777, 1 expoſed to a 
boiling heat, in a glaſs tube about four feet long, and 
one third of an inch in diameter, as much ſpirit of 
, falt as meaſured in the tube about an inch in length, 
and kept it boiling about two hours. After this the 
acid was ſtill quite tranſparent, and the quantity not 
ſenſibly changed ; but I obſerved that there was 
formed, as it cooled, a number of ſmall cryſtals, 
perfectly white, at the bottom of the acid, and ad- 
hering to the ſides of the tube. When I melted the 
end of. the tube with a blow pipe, the preſſure of 
the atmoſ] phere forced the glaſs inwards. © From this 
it was evident that there had been a' decreaſe of 
elaſtic matter within the glaſs, which muſt have 
been produced by the incorporation of the acid va- 
pour in the eryſtals that I have mentioned: for had 
it been a mere abraſion of the glaſs, beſides that it 
would have been a powdery ſubſtance, and not in 
a concrete maſs, the acid vapour would have been 
0 . ſet 
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pune the ſoftened glaſs outwards. 

. Making uſe of a tube an inch wide, 0 
into it half an ounce meaſure of tranſparent ſpirit of 
ſalt, the cryſtals began to be formed in about 
an hour above the ſurface of the acid, and coated 
the tube about three inches, but all of it on the up⸗ 
per ſide, the nme 


| Posen. 


When 1 expoſed to thirkhime e dabbi | 


mentioned before, in one of which the acid was co- 
loured, and the other not, I obſerved that more of 


this ſolid matter was formed in the former than in 


the latter, the ere, ieee prong, n 
ſolving the glas. 
* e e dee ien happtnnt do unde 
in the proceſs, which was frequently the caſe, there 
was always a conſiderable incruſtation formed on the 
outſide of the glaſs, ſpreading from the Ser 
of which the acid had eſeaped. 0 0 
Having obſerved that, in proportion” a8 this 


earthy, or rather ſaline matter was formed, the 


acid was diminiſhed ; to try whether there was 
any differente in the acid that remained from 


what it had been, I took it out of the tube in which 


it had been expoſed to the heat, and expoſed it again 
in a freſn tube; but I found that more faline mat- 


Mr in this tube, exactly as in the for- 


I repeated'the fame proceſs on the acid that 


1 
ſet looſe by the heat, and therefore would hae 


23 remained 
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remained in the ſecond tube, by putting it into a 
third, when more ſaline matter was produced; and 
this I repeated till very little liquid acid remained, 
though the tube broke, and a little remaining acid 
eſcaped, before I had quite finiſhed my proceſs uponit. 
At length, however, I completely effected what 
1 had been in purſuit of. For I expoſed a quantity 
of acid in this manner till nothing liquid remained in 
the tube. This acid was diſtilled water impreg- 
nated with marine acid air, the quantity was about 
half an inch in length, in a glaſs tube a quarter of an 
inch in diameter. The lower part of the tube had 
a thick incruſtation of white matter, and no more 
moiſture remained within it, than what adhered 
to the ſides of the tube, and would not run down it. 
Though the acid oontinued to the laſt to diſſolve 
the glaſs, it was evidently weakened by the conti- 
nuance of this proceſs, ſo that though both the ma- 
ine acid air, and the water with which it was incor- 
porated, had entered into the compoſition of the ſa- + - 
line matter formed within the tube, there was in it 
more of the acid than of the water. Having ex- 
tracted a conſiderable quantity of this ſaline matter 
from one of theſe tubes, I took. out the remaining 
acid, and from a given meaſure of it, diluted with 
water, and bits of iron, I got three ounce meaſures 
of inflammable air ; whereas from the fame quan- 
tity of the ſame original ſpirit of falt I got, in the 
lame circumſtances 4. 1 ounce ne, Allow- 


27 ance, 
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ance, however, muſt be made for the vapour that 
had eſcaped in pouring the acid into the tube, and 
out of it again. 
In order to get a quantity of this ſaline mk f 
kept a large tube with about an ounce meaſure of 
ſpirit of falt in the ſand furnace near three months, 
and ſucceeded pretty well. It was all formed in or 
near the ſurface of the acid. The heat had been very 
moderate. For great care muſt be taken leſt the 
glaſs ſhould burſt in this proceſs. It ſeems, how- 
ever, that when the heat is more conſiderable, the 
hotter acid may diſſolve the concreted ſaline matter 
that it comes into contact with, as tht the 
following experiment. l 
Having expoſed wo eee of 8 
less ſpirit of ſalt, in a long tube, about one third of 
an inch in diameter, the tube was preſently incruſted 
about the length of nine inches with the ſaline mat- 
ter, but very thin; and I obſerved that there was 
none of it within an inch of the ſürface of the fluid. 
Then making it boil more violently, I obſerved 
that whenever the hot acid reached the incruſtation, 
it diſſolved it, and waſhed the glaſs quite clean. 
By this means all the incruſtation was preſently - 
waſhed off, B 
did not appear again. | 
The reaſon why this incruſtation Was ends 
rac ty or rather above the ſurface of the boiling 


Qs acid, 


1 
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acid, ſeems to be, that the acid was there the moſt 
concentrated, on its expulſion from the water; and 
this made a ſtriking difference between theſe expeti- 
ments, made with ſpirit of ſalt, and ſome which I 
Made With water in the ſame manner. For when 1 
bent the tubes at each end, and expelled the liquors 
by heat from otie end of the tubes to the other al- 
ternately, I obſerved that with the ſpirit of ſalt the 
Incruſtations were always made above the furface of 
the boiling liquor; wheteas, in the tubes which 
contained water only, the incruſtations were always 
made at the place from which the water ſt ev | 
pore e 
That the ſpirit of au, in aa "Y 
folves the glaſs, and eſpecially the lead that was 
in it, appeared' from the following obſervation, 
which was firſt made by Mr. Magellan, who hap- 
pened to be with me at the time. We had waſhed 
a quantity of this earthy, or ſaline matter, in diſtilled 
water; when he obſerved: that the water had the 
had been uſed in this manner was mixed with pump 
water, it turned it white, a nen enen 
containing a ſolution of lead. 

Spirit of ſalt not only diflolved this matter hw 
it was hot, but alſo a conſiderable proportion of it 
when it was cold. When I had waſhed a quantity 
ol it e with * till it was quite 

| infipid, 


$48. IF. "MARINE aem. 


inſipid, it was not at all affected by oil of vitriol, 
or ſpirit of nitre; but when I had poured upon it 
ſome ſpirit of ſalt, and let them continue together 


a whole day, three grains of it were reduced to a 


grain and a half; ſo that half of it was diſſolved hy 
the ſpirit of ſalt, and the acid acquired n "deep 
orange colour. As all the faline matter had been 


waſhed out of this ſubſtabce by the water; what 


remained muſt have been the earth of the glaſa 
reduced to a powdery form, . for * _ 
of file wo at cron. 

. vfneicſh-midete when 
I'nnade his roxperintents — black 
bottle glaſs; which has no lead in it, but it is mani» 
feſtly of a different nature from that which is forrit« 
ed in the flint glaſs. The quantity is much»lefs; 
and It differs from the other in ſeveral reſpetts. 
When 1 dipped a large piece of a glaſs tube, com- 
pletely covered with this incruſtation, and which. 


was perfectly white, in freſh ſpirit of ſalt, it preſently 


diſappeared, as if the acid had diſſolved it all at 


once; and the ineruſtation ſeemed to imbibe the 
acid, as a wet ſpunge imbibes water: for when the 
lower part of it was dipped in the acid, it preſently 
aſcended,” and moiſtened the upper part. But hen 
I took dais rude out of the acid, and dried it in 
the open air, the incruſtation re- appeared, exactly 
as at firſt, - Alſo the acid in which it had been long 

plunged 
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| plunged was not tinged by it rap ſmall 
| 9 degree imaginable. 

This incruſtation alſo adhered much nds 
to the green glaſs than to the flint, and when it was 
ſcraped off with the point of a knife, though it left 
the glaſs tranſparent, it was not quite ſo. well poliſh- 
ed as before: ſo that, probably, the glaſs had 
been, as it were, abraded, the texture being broken, 
but not nnn. 2. REI: INE. 
tube. 

I ſhall | in athi . mention an experiment Gin 
lar to thoſe above on the marine acid air itſelf. I 
buried a flint glaſs tube filled with this kind of ait 
in hot ſand, and let it continue there ſame weeks! 
When I took it out, it was covered with a white 
incruſtation. I broke the end of the tube under 
quickſilver, and found that ſeven eights of the 
whole quantity had been abſorbed, and water im- 
bibed about half the remainder. The very little 
that was left was phlogiſticated air. This tube had 
been filled with ſo much care, that I cannot * 
there had been any common air in ic. | 

I I have ſeveral times repeated this experiment, 
and find that no great degree of heat is requiſite 
to convert the marine acid air into this white ſub- 
ſtance. It is not at all affected by ſpirit of ſalt. 


sEc- 
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SECTION v. 
Of the dephlogiſticated Marine Arid 


GEVERAL years. 0 Mr. Woulſe ae 
I me, that he thought that, by operating in my 
way, I ſhquld be likely to find ſomething remark- 
able in the ſolution of manganeſe in ſpirit of ſalt; 
but, in a very friendhy manner, he, at the ſame 
time, cautioned me with reſpect to the vapours 
that would iſſue from it, as, from his own experi- 
ence, he apprehended it was of a very dangerous 
nature. He was alſo ſo obliging as to- furniſh me 
with a quantity of manganeſe for the purpoſe. I 
cannot ſay that it was the apprehenſion of danger, 
but rather having other things in view, that pre- 
vented my giving much attention to the ſuhject at 
that time; and I ſhould probably have deferred. it 
{till longer, had not Mr. Fabroni informed me of 
the dephlogiſticating power of manganeſe with re- 
ſpect of ſpirit of falt, word by Mr. * 
man ? 

This infomation d, a e procure a | 
quantity of a n e marine * 
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in order to al myſelf whether it would then 
yield any acid air, as it does in its common ſtate, 
that is, when phlogiſticated; ſuſpecting that it would 
not, as I had always imagined that a certain por- 
tion of phlogiſton is neceſſary to all ſubſtances, and 
eſpecially acids, aſſuming the form of air. 
The experiments that I have made upon this 

ſubje& give much weight to this opinion, and at 
the ſame time throw great light on the general 
doctrine of theſe kinds of air. For it appears that 
the marine acid, when it is deprived of its phlo- 
giſton, is brought into a ſtate very nearly reſembling 
the nitrous acid; being then incapable of being 
exhibited in the form of air, that is, of air capable 
of being confined by quickſilver. For the mo- 
ment that the vapour, which then iſſues from it, is 
admitted to quickſilvet, it unites with it, and forms 
a white powdery ſubſtance," in the ſame manner as 
the nitrous acid vapour dots; and when I reſume 
theſe 'experiments, I ſhall probably find that, with 
vily-and other ſubſtances, this dephlogiſticated ma- 
rine acid vapour will form compounds equally ſimi- 
lar to thoſe ſormed with them by the nitrous acid 
— This is a new field chr g yet before 
me. 
- From this analogy it is evident, that nothing i is 

wanting to the nitrous acid vapour, to its aſſuming 
che form of air,, but a fufficient quantity of phlo- 


giſton; 
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giſton; and when it has got this phlogiſton, it is 
nitrous air. This, therefore, is probably the neareſt 
approach that we ſhall ever make towards bring · 
ing the nitrous acid into the form of air; and it in 
the combination of ſo much phlogiſton - 
with this acid, in the compoſition of nitrous air, 
that makes it not. ſo. readily abſorbed by water, as 
the marine acid air, or vitriolic acid air ; both which 
ſeem to be compounds exactiy ſimilar to that of 
nitrous air. I ſhall relate the experiments which 
led to theſe. ide in the. ander in which. te 
oO OS 
Ib wich pg dn ef en opts mids 
Sameſe, and then diſtilling it, as Mr. Fabroni had 
directed me; when the firſt obſervation that ſtruck 
me, was 2 peculiar finell, exaQtly reſembling that 
which is procured by diſſolving red Jad in the 
ſame acid. I then put a quantity of this diſtilled 
acid into a phial with a ground ſtopper, and a tube 
connected with it, and proceeded as I ſhould have 
done to expel air from any other ſubſtance, with 
the flame of a candle, receiving the produce in 
quickſilver. On the application of heat, in theſe 
circumſtances, it was eaſy to perceive that air, or 
vapour, was expelled ; but it was inſtantly ſeized by 
the quickſilyer, and formed a black cruſt. ' 
Examining the air that was lodged at the top of 
the phial, and — had been mixed with 
bor | this 
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this acid vapour, I found it very little, if at all, in- 


jured. This was owing to there being little or no 


phlogiſton combined with the yo; or ſeparable 
| n! it. 


I then fully impregnated a qunaiey of ſpirit of 


 falt with manganeſe, by confining them together 


in the ſame phial; and I afterwards endeavoured to 


expel air from the acid thus altered. But till the 
vapour that came over. immediately united with 
the quickſilver, and made a kind of amalgam with 
it, which, when dry, was a whitiſh or grey powder. 


The common air within the phial was nog ured. 


in this caſe, any more than in the former. 


The above-mentioned powdery ſubſtance, being 


expoſed to the heat of a candle on a piece of thin 


glaſs, evaporated in white fumes, but left behind 


it a ſmall quantity of reddiſh matter, not very un- 
like red precipitate ; ; which is another reſemblance 


between the marine acid thus altered and fpirit of 
nitre. After expoſing this red matter for ſome 


time to a moderate heat, it became white, and ſub- 

limed without any ſenſible change. When it was 
expoſed to the focus of a burning lens, upon quick- 
filver, it yielded no ſenſible quantity of air. I had 


imagined that, at leaſt during the preſence of heat, 8 
the acid, which was latent in this white fubſtance, 


might have aſſumed the form of air, but I was diſ- 


appointed in that 9 
9 85 The 
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A marine acid impregnated with manganeſe 
having the very ſame //mell with this acid impreg- 
| nated with red lead, I was led to repeat the pre- 
ceding experiments with this ſubſtance alſo, and I 
had the ſame general reſults. For the vapour emit- 
ted by it inſtantly united with quickſilver, and formed 
with it a white powdery ſubſtance, of which, with 
a proper apparatus, I collected a 8 _ | 
tity. 

Mr. Bentialer hs ſhewn that what is l! 
Pblogiſticated marine acid, is that acid ſaturated with 
dephlogiſticated air, which it gets from the manga- 
neſe or minium. His diſcoveries relating 3 
ſubject are among the moſt brilliant that this * 0 
en in eee penned 


: 
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or THE PHOSPHORIC ACID; © - 


AVING made ſo many experiments on the 
4 acids, with a view to reducing them to the 
form of air, and upon their properties when exhi- 
bited in that new form, it might haue been expected 
that I ſhould, before this time, have taken notice 
of the phoſphoric acid, which is ſo remarkably dif- 
ferent from the other acids, and which bears ſo 
near a relation to the animal ceconomy. The true 
reaſon of this ſeeming negle& of ſo important a 
ſubject of experiment was the expence neceſſary to 
procure it in any tolerable quantity. At length, 
however, I procured a quantity ſufficient for a few 
experiments, not undeſerving of being related. 

_ Chemiſts do not need to be informed of the 
method of procuring this liquid acid from ſolid 
phoſphorus ; but for the ſake of perſons of only a 
general philoſophical turn, like myſelf, it may be 
worth while to obſerve, that this acid is eaſily pro- 
cured, with time, by expoſing it to the open air in 
the mouth of a funnel, going into a phial which 

| receives 
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dat 
receives the acid, as the phoſphorus gradually waſtes ' 
by this kind of accenſion. It mult be ſer in a place 
neither very cold, nor very warm. But this depends 
upon the conſiſtence of the phoſphorus, and other 
circumſtances, which muſt be learned by experi- 
ence. If it fmokes very much, it is a ſign that it is 
too warm, and is in danger of taking fire, in which 
caſe it wards, plunging it inſtantly in 
water, 1 

Having procured my phoſphorus, 1 Firſt obſery« 
ed, that the water in which it had been long kept 
had nothing acid in it. For, being mixed with wa-- 
ter made blue with the juice of turnſole, it did not 
affect its colour, which ſhews that no proper decom- 
poſition: of it takes place in water. Having then 
expoſed it to the open air, in the manner deſcribed 
above, I got a quantity of the acid with which I 
made the following obſervations. 
Wich reſpect to air, this acid . . 
bles radical vinegar, or rather the vitriolic acid. 
For though the application of heat converts it into 
vapour, it is all condenſed again in the temperature 
mme and no part of it remains per- 
manent elaſtic air. I made the experiment in a 
glaſs tube bent a little like a retort, the open end 
of which turned up into a veſſel filled with quick- 
ſilver, and immerſed in a baſon of the fame. When 
I made the acid boil, the vapour paſſed into the 
Vol. III. „„ recipient, 
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recipient, but it was wholly condenſed there, and 
the liquor ſo collected did not differ, as far as I 
could perceive, from what it had been before the 
evaporation. 


Aa, bike the: vitriche:acd,;:thi gere no air of 
itſelf, I thought that, like this acid, it might poſ. 


ſibly give ſomething ſtmilar to the vitriolic acid 
air by means of ſubſtances containing phlogiſton, 
With this view I kept it in a boiling heat both 
with quickſilver, and alſo with ſpirit of wine, but 
without any effect; and even the common air, 
that was expelled from the phial in which the ex- 
periment was made, was not ſenſibly ne 

cated. 

This — 1 1 ended that of vieriol 
and radical vinegar in this, that it readily diſſolved 
iron, eſpecially with the aid of a little heat, and 
with it yielded a ſtrong inflammable air. But there 
is. ſomething more remarkable in the produce of 
inflammable air from it by means of minium. 


In order to try whether this acid had any — 


properties of the nitrous, I mixed it with ſome 
minium out of which all the air had been expelled 
by heat. This ſubſtance, in this ſtate, I had found, 
when mixed with nitrous acid, yields dephlogiſti- 
cated air, but no air at all with the vitriolic or the 
marine acid. The phoſphoric acid mixed with this 
minium with little or no ſenſible heat, but the mix- 
| = ture 
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ture expoſed to the flame of a candle yielded air 
very plentifully, and it was very turbid. I received 
it in lime water, but it did not precipitate the lime, 
except in the ſmalleſt degree; The air I got in 
this method was not affected by nitrous air, nor 
did it affect common air, but was ſtrongly inflam- 
mable, burning with a bright white flame; and the 
ſmell of the air was the ſame with that of the 
ſtrong ſmell of phoſphorus. The maſſicot became 
of a darkiſh grey n or r black by this 
proceſs. ? 

Having a quantity of the mixture of phoſphorio 
acid and ſpirit of wine, remaining from the experi- 
ment above-mentioned, and not being willing to 
loſe it, I likewiſe mixed it with fome of the ſame 
maſſicot, and I had the ſame: reſult. The com- 
mon air that was firſt expelled from the furface of 
the veſſel in which the experiment was made was 
not much injured, the next that came had a ſmall 
quantity of fixed air init ; but all the remainder was 
ſtrongly inflammable, burning with a-yellow flame, 
the next was more weakly inflammable, and the 
laſt produce was phlogiſticated air only. 

The phlogiſton muſt have been ſupplied from 
the Leid, ſince the maſſicot does not contain 


Ra About 
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About the time that I was making theſe experi- 
ments I was making obſervations on the expoſure 
of a variety of fluid ſubſtances to a long continued 
heat. I therefore treated this acid in the fame 
manner, firft in a long glaſs tube, held in an in- 
clined or nearly perpendicular poſition, and then in 


a horizontal one, expelling the acid by the heat 


from one part of the tube to the other ; the reſult 


of which - proceſs was remarkably different from 
that of the other. 


be vine ety Jochen. in tings 


and one third of an inch in-diametef, I put as much 
of this acid as filled about an- inch of the tube in 
length, and making it boil, chere was a white va- 
pour at the height of about fifteen or cighteen inches 
above the ſurface of the acid, continually dancing 
up and down as it boiled. At and below this 


part of the tube; it was very hot, but immediately 


above it was quite cold. 1 kept the zun 
ſeveral hours without any ſenſible change. 


Though tie jphothberic-ack}/wis-ner Mn 


by boiling ſeveral hours in the courſc of tro days, 
in a glaſs tube hermetically ſealed, and placvd in 
nearly a vertical poſition, yet when I applied* the 
flame of a candle to any part of the tube, after the 


acid had left it moiſt (when it had been made to 


flow to the other end) the glaſs was inſtantly cover- 
| - ed 
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ed with a white incraſtation; and repeating this 
proceſs, at each end of the tube alternately, I quick- 
ly made the whole ſolid. At leaft there was no 
more moiſture in the tube than adhered to the 
fides of it, and could not be made to flow at all. 
This experiment ] repeated in ſeveral tubes, and 
always with the ſame reſult, r e IN" 
tity of the acid. 

When che tube was made very hot there would 
ſometimes be flaſhes of light in the inſide, extend- 
ing the whole length of the tube; and of theſe 
there were ſometimes three in the ſame tube at 
different times. Whenever this happened, a part 
of the tube always acquired a thin coating of orange 
coloured matter, ſuch as remains upon glaſs wien 
phoſphorus is really ignited upon it in the open 
air. 3 ; 
The white matter thus left in the glaſs tubes 
attracted no moiſture from the atmoſphere, at leaſt 
no ſenſible quantity of it, and it was not at all af- 
fected by ſpirit of ſalt. It did not even long retain 
any ſenſible acidity ; for when it had been waſhed 
ſeveral times, the water in which it lay did not 
even turn the juice of turnſole red. 

If -I be aſked what becomes of the moiltity 
which rendered the phoſphoric acid "liquid in 
this proceſs, I ſhould ſay that, as in the ſimilar 

R 3 experiments 
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experiments with the marine acid, it diſſolves tho 
glaſs, and with it the acid and water both unite in 
a ſolid form, as in other cryſtallizations ; and fince 
I made theſe experiments, I have. been informed by 
Dr. Ingenhouſz, a man. of a truly philoſophical 
and experimental turn, that the phoſphoric acid, 
when hot, diſſolves glaſs, exactly like the flor 
acid, . e e c 
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$ECTTON "1 


Of the Reſtoration of Air in which a Candle bas 
| Purned * oy ue 


T is well known that flame. cannot, ſubſiſt long 

. without change of air, ſo that the common air 
is neceſſary to it, except in the caſe of ſubſtances, | 

into the compoſition - of which nitre enters; for 

theſe will burn in vacuo, in fixed air, and eyen un- 

Ka. der 
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der water, as is evident in ſome rockets, which are 
made for this purpoſe. It is generally ſaid, that 
an ordinary candle conjumes, as it is called, about 
a a gallon in a minute. Conſidering this amazing 
conſumption of air, by fires of all kinds, volcanos, 
&c. it becomes a great object of philoſophical in- 
quiry, to aſcertain what change is made in the con- 
ſtitution of the air by flame, and to diſcover what 
proviſion there is in nature for remedying the 
injury which the atmoſphere receives by this 
means, 

Having read, i in the Memoirs of the Philoſophi- 
cal Society at Turin, vol. I. p. 41, that air in-which. 
candles had burned out was perfectly reſtored, ſo 
phat other candles would burn in 1t again as well 
as ever, after having been expoſed to a conſider- 
able degree of cold, and likewiſe 'after having been 
compreſſed in bladders (for the cold had been ſup- 
poſed to have produced this effect by nothing but 
condenſation) J repeated thoſe experiments, and did, 
indeed, find, that when I compreſſed the air in ad- 
ders, as the Count de Saluce, who made the ob- 
ſervation, had done, the experiment ſucceeded : 
but having had ſufficient reaſon to diſtruſt blad-. 
ders, I compreſſed the air in a glaſs veſt} ftanding 
in water; and then I found, that this proceſs is 
altogether ineffectual for the purpoſe. I kept the 
air e r much more, and much longer, than 

£40 
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the Count had done, but without producing any 
alteration in it. I alfo find, that a greater degree 
of cold than that which he applied, and of longer 
continuance, did by no means reftors this kind of 
air: for when I had expoſed the phials which con- 
tained it a whole night, in which the froft was very 
intenſe ; and alſo when I kept it furroumded- with a 
mixture of ſnow and ſalt, nnen 
the ſame as before. 

It is alſo advanced, is the fone Mühen OY 
that bear only, as the reverſe of cal, renders air 
unfit for candles burning in it. But I repeated 
the experiment of the Count for that purpoſe, 
without finding any ſuch effect from it. I alſo 
remember that, many years ago, 1 filled an exhauſt- 
ed receiver with air, which had paſſed through a 
glaſs tube made red hot, and found that à candle 
would burn in it perfectly well. Alſo, rarcfation - 
rey aaa. 

. Though this experinywar falled, 4 have Leer 
happy, as by accident to have hit upon a method 
of reſtoring air, which has been injured by the 
burning of candles, and to have diſcovered at leaſt 
one of the reſtoratives which nature employs for 
_ this purpoſe, | It is vegetation. This reſtoration of 
vitiated air, I conjecture, is effected by plants im- 
„ matter with which it is over- _ 
| loaded 
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loaded by the burning of inflammable bodies. But 
whether there be any foundation for this conjecture 
or not, the fact is, I think, indiſputable. I ſhall 
introducę the account of my experiments on this 
ſubject, by reciting ſome of the obſervations which 
I émade on the growing of plants in confined air, 
which led to this diſcovery. 


One might have imagined that, face common 
as is neceſſary to vegetable, as well as to animal 
life, both plants and animals had affected it in the 
| ſame manner; and I own I had that expectation, 
when I firſt put a ſprig of mint into a glaſs jar, 
ſtanding inverted in a veſſel of water; but when it 
had continued growing . there for ſome months, I 
found that the air would neither extinguiſh a can- 
dle, nor was it at all i inconvenient to a mouſe, which 
I put into it. 
he plant was not affelted any otherwiſe than was 
the neceſſary conſequence of its confined ſituation ; | 
for plants growing in ſeveral other kinds of air, 
were all affected in the very ſame manner. Every 
ſucceſſion of leaves was more diminiſhed in ſize than 
the preceding, till, at length, they came to be no 
bigger than the heads of pretty ſmall pins. The 
root decayed, and the ſtalk alſo, beginning from the 
root ; and yet the plant continued to grow up- 
wards, drawing its nouriſhment through a black and 
rotten ſtem, In the third or fourth ſet of leaves, 
1 long 
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long and white hairy filaments grew from the inſer- 
tion of each leaf, and ſometimes from the body of 
the ſtem, ſhooting out as far as the veſſel in which 
it grew would permit, which, in my experiments, 
was about two inches. In this manner a ſprig of | 
mint lived, the old plant decaying, and new ones. 
' ſhooting up in its place, but leſs and leſs continually, 
. the ſummer ſeaſon. 

In repeating this experiment, care muſt be taken 
to draw away all the dead leaves from about the 
plant, leſt they ſhould putrefy, and affe& the air, | 
I have found that a freſh cabbage leaf, put under a 
glaſs veſſel filled with common air, for the ſpace of 
one night only, has ſo affected the air, that a can- 
dle would not burn in it the next morning, and yet 
the leaf had not acquired any ſmell of . 
faction 2 

Finding that candles would burn very well i in air 
in which plants had grown a long time, and having 
had ſome reaſon to think, that there was ſomething | 


. attending vegetation, which reſtored air that had 


been injured by reſpiration, I thought it was poſſible 
that the ſame proceſs might alſo reſtore the air that 
had been injured by the burning of candles, 
Accordingly, on the 17th of Auguſt 1771, 1 put 
a ſprig of mint into a quantity of air, in which a. 
wax candle had burned out, and found that, on the 
27th of the fame month, another candle burned per- 


eu 
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ſectly well in it. This experiment I repeated, with- 
out the leaſt variation in the event, not leſs than 
eight or ten times in the remainder of the ſummer. 

Several times I divided the quantity of air in 
which the candle had burned out, into two parts, 
and putting the plant into one of them, left the other 
in the fame expoſure, contained, alſo, in a glaſs 
veſſel immerſed in water, but without any plant; 
and never failed to find, that a candle would burn 
in the former, but not in the latter. 

I generally found that five or ſix days were ſuffi- 
cient to reſtore this air, when the plant was in its 
vigour ; whereas I have kept this kind of air in glaſs 


' veſſels, immerſed in water many months, without 


being able to perceive that the leaſt alteration had 
been made in it. I have alſo tried a great variety 
of experiments upon it, as by condenſing, ra | 
expoſing to the light and heat, &c. and throwing 
into it the effluvia of many — nee, but 
without any effect. | 
Experiments made in the year 1772, abundantly 


confirmed my concluſion concerning the reſtoration 


of air, in which candles had burned out by plants 
growing in it. The firſt of theſe experiments was 
made. in the month'of May; and they were frequent- 
ly repeated in that and the two following months; 
without a ſingle failure. 


For 
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For this purpoſe I uſed the flames of different 
ſabſtances, though I generally uſed wax or tallow 
candles. On the 24th of June the experiment ſac- 
eceded perfectly well with air in which ſpirit of wine 
had burned out, and on the 27th of the fame month 
it ſucceeded equally well with air in which brim- 
ſtone matches had burned” out, un e r ORIEL 
had defpaired the preceding year. | 

This "reſtoration of air, I found, depended upon 
the vegetating fate of the plant; for though I kept 
a great number of the freſh leaves of mint in a ſmall 


quandiry of air in which candles had bumed ous and 

changed them frequently, for a long ſpace of time, 
I could” F no melioration in the ſtate of the 
air. 


tis remarkable ef does not depend upon any 
thing peculiar to mint, which was the plant that 1 
always made uſe of till July 1772 ; for on the "16th 
of that month, 1 found a quantity of this kind of 
air 0 de perfeAtly reſtored by ſprigs of 3abn, 
which had grown in it from the 7th of the fame 
month = ; 
That this refloration of air was not owing to any 
aromatic uvia of theſe two plants, not only appear- 
ed by the eſſential oil of mint having no ſenſible effect 
of this kind; but from the equally complete reſto- 
ration of this vitiated air by the plant called ground- -- 
fel which is uſually ranked among the weeds, and 
5 has 


* 


Part J, 


has an offenſive ſmell. This was the reſult of an 
experiment made the 16th of July, when the plant 
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had been growing in the burned air from the 8th of 


the ſame month. Beſides, the plant which I have 
found to be the moſt effectual of any that I have 
tried for this purpoſe i is /pinach, which is of quick 
growth, but will ſeldom thrive long in water. One 
jar of burned air was perfectly reſtored by this plant 
in four days, and another in two days. T His laſt 
was obſerved on the 22d of July. 

In general, this effect may be preſumed to n 
taken place in much leſs time than I have mention- 
ed; becauſe I never choſe to make a trial of the 
air, till I was pretty ſure, from preceding obſerva- 
tions, that the event which I had expected muſt have 
taken place, if it would ſucceed at all; leſt, re- 
turning back that part of the air on which I made 
the trial, and which would thereby neceſſarily re- 
ceive a ſmall mixture of common air, the experi- 
ment might not be judged to be quite fair; though 
1 myſelf might be fufficiently ſatisfied with reſpect 
to the allowance that was to be made for that {mall 
imperfection. 
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SECTION 1. 


of the Reftoration of Air infected with animal Raps 

tion, or e ty POIs | 
rar candles will burn only à certain time, 
in a given quantity of air is a fact not better 

known, than it is that animals can live only a cer- 
tain time in it; but the cauſe of the death of the 

animal is not better known than that of the exrinc- 
tion of flame in the ſame circumſtances ; and when 
once any quantity of air has been rendered noxious 
by animals breathing in it as long as they could, I 
do not know that any methods have been diſcovered 
of rendering it fit for breathing again. It is evi- 
dent, however, that there muſt be ſome proviſion 
in nature for this purpoſe, as well as for that of ren- 
dering the air fit for ſuſtaining flame; for with- 
out it the whole maſs of the atmoſphere would, in 
time, become unfit for the purpoſe of animal life z 
and yet there is no reaſon to think that it is, at pre- 
ſent, at all leſs fit for reſpiration than it has ever 
been. I flatter myſelf, however, that I have hit 
upon one of the methods employed by nature for 
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this great purpoſe. How many others there miy be 
| I cannot tell. 


When animals die upon being put into air in - 


which other animals have died, after breathing in it 
as long as they could, it is plain that the cauſe of 


their death is not the want of any pabulum vite, 
which has been ſuppoſed to be contained in the air, 


but on account of the air being impregnated with 
ſomething ſtimulating to their lungs ; for they altmoſt 


always die in convulſions,” and are ſometimes -af- 


ſected ſo ſuddenly, that they are irrecoverable after 


bring them to life again. They are affected in the 
ſame manner, when they are killed in any other 


Eindd of noxious air that I have tried; viz. fixed air 
inflammable air, air filled wich the fumes of ſul⸗ 


phur, infected with putrid matter, in which a mix- 


tune of iron filings and ſulphur has ſtood; or in 


which-charcoal has been burned, or menk calcined, 

Dom cone ens; ni | i in av 
Ata known duese hen ee ing antenbeutd 

en re, much mote chan the moſt vigor - 


ous vnluntury action of the muſcles, perhaps theſe 
univerſal convulſions may exhault the whole of what 
we may call the vis vit at once; at leaſt that the 


lungs may be rendered abſolutely incapable uf action, 


a ſingle inſpiration, though they may be wirklraun 
immediately, and every method has been taken to 


_ 
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till the animal be fuffocated, or be irrecoyerible for 
want of reſpiration, * e Fran ANTS | 
"If a mouſe” (which Is an animal 1 have com. 
monly made uſe of for the purpoſe of theſe experi- 
ments) can ſtand the firſt ſhock' of this ftimtblus, or 
has been habitüated to it by degrees, it will ve a 
conſiderable time 1 mice will die | 
intantancouſly, T have frequently found that when 


55 a number of mice have been confined in a given 


quantity of air, lefs than half the time that they have 
actually lived in it, 4 freſh mouſe being introduced 
to them has been inſtantly thrown into convulſions, 
and died. It is evident therefore, that if the expert 
ment of the Black. Hole, at Calcutta, were to be 
repeated, x man would ſtand- the better chance of 
in it, who ſhould enter at the firſt, than at 
1 haye alſo obſerved; that young mice will al- 
ways live much longer than old ones, or than thoſe - 
which. are full grown, when they are confined in 
the ſame quantity of ait. I have ſometimes known 
a young mouſe to live fix houts in the ſame circum- 
ſtances in which an old mouſe has not lived one. 
2 theſe accounts,” experiments with mice, and 
for the ſame reaſon; no dbubt, with other animals 
alſd, have a conſiderable degree of uncertainty at- 
tending them; and therefore, it is neceſfary to re- 
pear them frequently, before the reſult can be 
Vor. III. 8 Abſolutely 
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abſolutely depended upon. But every perſon of 
feeling will rejoice with me in the diſcovery of ni- 
trous air, which ſuperſedes many experiments with 
the reſpiration of animals; being a much more ac- 
curate teſt of the purity of air. 

The diſcovery of the proviſion in nature for re- 
ſtoring air, which has been injured by the reſpira- 
tion of animals, having long appeared to me to be 
one of the moſt important problems in natural phi- 
loſophy, I have tried a great variety of ſchemes in 
order to affect it. In theſe, my guide has generally 
been to conſider the influences to which the atmoſ- 
phere is, in fact, expoſed; and, as ſome of my un- 
ſucceſsful trials may be of uſe to thoſe who are 
diſpoſed to take pains in the farther inveſtigation 
of this ſubject, I ſhall mention the n of 
them. 

The noxious effluvium with which air is loaded 
by animal reſpiration, is not abſorbed by ſtanding, 
without agitation, in freſh or falt water. I have 
kept it many months in freſh water, when, inſtead 
of being meliorated, it has ſeemed to become even 
more deadly, ſo as to require more time to reſtore 
it, by the methods which will be explained here- 

after, than air, which has been lately made noxious. 
I have even ſpent ſeveral hours in pouring this air 
fram one glaſs veſſel into another, in water, ſome- 
times as cold, and ſometimes as warm, as my 


0 | hands 


Set. II. VEGETATION. 259 


hands could bear it, and have ſometimes alſo wiped the 
veſſels many times, during the courſe of the expe- 
riment, in order to take off that part of the noxious 
matter, which might adhere to the glaſs veſſels, 


and which evidently gave them an offenſive ſmell ; 


but all theſe methods were generally without any 
ſenſible effect. The motion, alſo, which the air re- 


ceived in theſe circumſtances, it is very evident, was 
of no uſe for this purpoſe, I had not then thought 


of the ſimple, but moſt effectual method of agitat- 
ing air in water, by putting it I and 
ſhaking it with my hand. | 

This kind of air 1s not reſtored by being expoſed 
to the /ight, or any other influence to which it is 
expoſed, when confined in a thin phial, SOREN 
air, for ſome months. 
Among other experiments, I tried a great variety 
of different effluvia, which are continually exhaling 


into the air, eſpecially of thoſe ſubſtances which are 


known to reſiſt putrefaction; but I could not by 
theſe means effect any melioration of the noxious 
quality of this kind of air. 

Having read, in the Wein e ihe eager 
Society, of a plague not affecting a particular village, 
in which there was a large ſulphur-work, I imme- 
diately fumigated a quantity of this kind of air; or 


(which will hereafter appear to be the very ſame 
S 2 thing} 


r 
Dr 
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thing) air tainted with putrefaction, wich che fume 

n of burning ſulphur, but without any effect. 
I once imagined, that the nitrous acid in 150 
might be the general reſtorative which I was in queſt 
of; and the conjecture was favoured; by finding 
that candles would burn in air extracted from ſalt- 
petre . I therefore ſpent a good deal of time in 
attempting, by a burning glaſs, and other means, 
to impregnate this noxious air with ſome effluvium 
of ſaltpetre, and, with the ſame view introduced 
into it the fumes of the ſmoaking ſpirit of nitre; 
but both theſe methods 0 Leer pur ineffec- 
tual. 

In order to try the effect of 0p 1 pa nde 
of air, in which mice had died, into a bladder, tied to 
the end of the ſtem of a tobacco pipe, at the other end 
of which was another bladder, out of which the air 
was carefully preſſed. I then put the middle part 
of the ſtem into a chafing-diſh of hot coals, ſtrong- 
ly urged with a pair of bellows; and, preſſing the 
bladders alternately, I made the air paſs ſeveral 
times through the heated part of the pipe. I have 
alſo made-this kind of air very hot, ſtanding in wa- 
ter before the fire, But neither ITE 
were of 105 uſe. 224 | 


of This \ was the firſt inſtance of my finding dephlogiicated air, 
but without knowing it to be at all different from common air, 


3 Rare. 
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Rarefrattion and nn by perde were 
alſo tried, but in vain. 

Thinking it poſſible that the 0 . ne 
1 quality of the air, and thence ſupply the 
roots of plants with ſuch putreſcent matter as ts 
known to be nutritive to them, I kept a quantity of 
air in which mice had died, in a phiab one half of 
which was filled with fine garden- mould; but, 
though i ſtood two months i in theſe ee 
it was not the better for it. 

I onee imagined that, ſince ſeveral kings of aig 
cannot be long ſeparated from common air, by be- 
ing confined in bladders, in bottles well corked, or 
even cloſed with ground ſtoppers, the affinity be- 
tween this noxious air and the common air might 
be ſo great, that they would mix through a body of 
water interpoſed between them ; the water conti · 
nually receiving from the one, and giving to the 


other, eſpecially as. water receives ſome kind of im- 


pregnation from, I believe, every kind of air ta 
which it is contiguous; but I have ſeen no reaſon 
to conclude, that a mixture of any kind of air with 
the common air can be produced in this manner. 

I have kept air in which mice have died, air in 
which candles have burned out, and inflammable 
air, ſeparated from the common air, by the lighteſt, 
partition of water that I could well make, ſo that it 
— not evaporate'in a day or two, if I ſhould 


3: happen 


» * 


F 
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happen not to attend to them; but I found no change 
in them after a month or ſix weeks. The. inflam- 
mable air was till inflammable, mice died inſtantly 
in the air in which other mice had died before, and 
candles would not burn where * had burned 
out before. 

Since air tainted with animal or vegetable putre- 
faction is the ſame thing with air rendered noxious 
by animal reſpiration, I ſhall now recite the obſer- 
| vations which I have made upon this kind of air, 
before I treat of the method of reſtoring them. 
That theſe two kinds. of air are, in fa&t, the fame 
thing, I conclude from their having ſeveral remark- 
able common properties, and from their differing 
in nothing that I have been able to obſerve. They 
equally extinguiſh flame, they are equally noxious 
to animals, they are equally, and in the ſame way, 
offenſive to the fmell, they equally precipitate. lime 
in lime water, and they are reſtored by the ſame 

means. 

Since air which has paſſed through the lungs i is 
the ſame thing with air tainted with animal putre- 
faction, it is probable that one uſe of the lungs is to 
carry off a putrid effluvium, without which, per- 
haps, a living body might putrefy as ſoon as a dead 

Inſects of various kinds live perfectly well in air 
tainted with animal or vegetable putrefaction, when 
a ſingle 
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a fingle inſpiration of it would have inſtantly killed 


any other animal. I have frequently tried the ex- 


periment with flies and butterflies. The apbides 
alſo will thrive as well upon plants growing in this 


kind of air, as in the open air. I have even been 


frequently obliged to take plants out of the putrid 


air in which they were growing, on purpoſe to bruſh 


away the ſwarms of theſe infe&ts which infected 
them; and yet ſo effectually did ſome of them 


conceal themſelves, and ſo faſt did they multiply, 
in theſe circumſtances, that I could in keep 
the plants quite clear of them. 


When air has been freſhly and ſtrongly dank 


with putrefaction, ſo as to ſmell through the water, 


ſprigs of mint have preſently died, upon being 
put into it, their leaves turning black ; but if they 


do nor die preſently, they thrive in a moſt ſurpriſing 
manner. In no other circumſtances have I eyer 


ſeen vegetation ſo vigorous as in this kind of air, 
which is immediately fatal to animal life. Though 


theſe plants have been crouded in jars filled with 
this air, every leaf has been full of life ; freſh ſhoots 
have branched out in various directions, and have 
grown much faſter than other ſimilar plants, grow- 

ing in the ſame expoſure in common air. | 
This obſeryation led me to conclude; that plants, 


inſtead of affecting the air in the ſame manner with 


animal 3 reverſe the effects of breathing, 
84 am 


1 
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and tend to keep the atmoſphere ſweet and whole- 
ſome, when it is become noxious, in conſequence 
of animals either living and nd or Wing 
and putrefying in it. 

In order to aſcertain this.) * a — of 
air, made thoroughly noxious, by mice breathing 
and dying in it, and divided it into two parts; one 
of l 1 put into a phial immerſed in water; 

and to the ther (which was contained in a glaſs 
jar, ſtanding in water) I put a ſprig of mint. This 
was about the beginning of Auguſt, 1771, and af- 
ter eight or nine days, I found that a mouſe lived 
perfectly well in that part of the air, in which the 
ſprig of mint had grown, but died the moment it 
was put -into the other part, of the . ſame-, original 
quantity of air; and which, I had. kept in the very 
lame expoſure, ts wier any N growing 
in . 1 

This experiment 1 Tau ſeveral times repeated; 
ſometimes uſing air in which animals had breathed 
and died; and at other times uſing air tainted with 
vegetable or animal putrefaction; and r 
with the ſame ſucceſs. 

Once, I let a mouſe live and die in a quantity 
of air which had been noxious, but which had been 
reſtored by this proceſs, and it lived nearly as long 
as 1 conjectured it might have done in an equal 
quantity of freſn air; but this is ſo exceedingly 

- . various, 
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various, that i is not eaſy; to form any judgment. 
from it; and in this caſe the ſymptom: of «difficult, 


reſpiration -(cemed to begin FW: dun # would 


have done in common air. 

Since the plants that I. 5 Gal, manifeſtly 
grow and thrive in putrid air; ſince putrid..matter 
is well known to afford proper nouriſnment for 
the roots of Plants: and ſince it is likewiſe certain 
that they receive - nouriſhment by their leaves as 


well as by their roots, it ſeams to be exceedingly = 


probable, that the putrid effluvium is in ſome mea- 
ſure extracted from! the air, by means of the leaves 
of plants; and therefore that they render che yemain- 
ee fit for. reſpiration. 
Towards the end of the year has: experiments 


ir 21 


of this: kind did not anſwer ſo well as they had 


done before, and I had inſtances of the relapſing 
of this reſtored air to its former noxious ſtate. I 
therefore ſuſpended my judgment concerning the 
efficacy of plants to reſtore this kind of noxious, 
air, till I; ſhould have an opportunity of repeating, 
my experiments, and giving more attention to them. 


Accordingly. I reſumed the experiments in the 
ſummer of the year 1772, when [ preſently had 
the moſt indiſputable proof of the reſtoration of 
pPutrid air by vegetation; and as the fact is of ſome 
importance, and the ſubſequent variation in the 
ſtate of this kind of air is a little remarkable, 1 


think 
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think it neceſſary to relate ſome of the facts pretty 
circumſtantially. 

The air, on which I made the firſt experiments, 
was rendered exceedingly noxious by mice dying 
in it on the 20th of June. Into a jar nearly filled 
with one part of this air, I put a ſprig of mint, 
while 1 kept another part of it in a phial, in the 
ſame expoſure; and on the 27th of the fame 
month, and not before, I made a trial of them,' 
by introducing a mouſe into a glaſs veſſel, contain- 
ing two ounce meaſures and a half, filled with each 
kind of air; and I noted the following facts. * 

When the veſſel was filled with the air in which 
the mint had grown, a very large mouſe lived five 
minutes in it, before it began to ſhew any ſign of 
uneaſineſs, I then took it out, and found it to be 
as ſtrong and vigorous as when it was firſt put in; 
whereas in that air which had been kept in the 
Phial only, without a plant growing in it, a younger 
mouſe continued not longer than two or three ſe- 
conds, and was taken out quite dead. It never 
breathed after, and was immediately motionleſs. 
After half an hour, in which time the larger mouſe 
(which I had kept alive, that the experiment might 
be made on both the kinds of air with the very 
fame animal) would have been ſufficiently recruited, - 
ſuppoſing it to have received any injury by the 
former experiment, was put into the ſame veſſel of 

Air; 
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air; but though it was withdrawn again, after be- 
ing in it hardly one ſecond, it was recovered with 
difficulty, not being able to ſtir from the place for 
near a minute. After two days, I put the ſame 
moufe into an equal quantity of common air, and 
obſerved that it continued ſeven minutes without 
any ſign of uneaſineſs ; and being very uneaſy  af- 
ter three minutes longer, I took it out. Upon the 
whole, I concluded that the reſtored air wanted 
about one fourth of being as wholeſome as com- 
mon air. The fame thing allo apa when 
applied the teſt of nitrous air. | 

In the ſeven days, in which the mint was Due 
ing in this jar of noxious air, three old ſhoots had 
extended themſelves about three inches, and ſeveral 
new ones had made their appearance in the ſame 
time. Dr. Franklin and Sir John Pringle hap- 
pened to be with me, when the plant had been 
| three or four days in this ſtate, and took notice of 


its vigorous vegetation, and remarkably n 150 


pearance in that confinement. 
On the 3oth of the ſame month, 4 mouſe lived 
fourteen minutes, breathing naturally all the time, 


and without appearing to be much uneaſy, till the 


laſt two minutes, in the veſſel containing two ounce 


" meaſures and a half of air which had been rendered 


. noxious by mice breathing in it almoſt a year be- 
fore, and which I found to be moſt highly noxious 


[4 
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on the 19th of this month, a plant having grown 
in it, but not exceedingly well, theſe eleven days: 
on which account I had 
ſo long. The reſtored ai was affected by a mix- 
ture of nitrous ai, almoſt as much as common 


air. 
That 3 are PAT of perſectly reſtoring air 


injured by reſpiration, may, I think, be inferred 
with certainty from the perfect reſtoration, by this 


means, of air which had paſſed: through my lungs, 
fo that a candle would burn in it again, though it 
had extinguiſhed flame before, and a part of the 


ſiame original quantity of air ſtill continued to do 


o. Of this one inſtance occurred in the year 1771, 
a ſprig of mint having grown in a jar of this kind 
of air, from the 25th of July to the 17th of Auguſt 
following ; and another trial I made, wih the ſame 
ſucceſs, the 7th of July, 1772, the plant having 
grown, in it from the 2gth of June preceding. In 
this caſe alſo I found that the effect was not owing 


. to any virtue in the leaves of mint; for I kept 


them conſtantly changed in a quantity of this kind 
of air, for a conſiderable time, without making any 
ſenſible alteration in it. 

- Theſe proofs of a partial reſtoration of air by 
plants in a ſtate of vegetation, though in a confined 
and unnatural ſituation, cannot but render it highly 
probable, that the injury which is continually done 
TO 


making the trial 


Coy 
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to the atinoſphire "by the | reſptation of ſuch 1 


number of animals, and the putre faction of ſuch 
maſſes of both vegetable and animal matter, is, in 


part at leaſt, repaired by the vegetable creation. 
And, notwithſtanding the prodigious maß of air 


that is corrupted daily - by the above-mentioned 
cauſes ; yet, if we conſider the immenſe profuſion 
of vegetables upon the face of the earth, grow-ing 
in places ſuited to their nature, and conſequentiy at 
Full liberty to exert all their powers, both inhaling 
and exhaling, it can hardly be thought, but chat it 
may be a ſufficient counterbalance to it, and that 
N | 

Dr. Franklin, who, as I have already ablervel, 


ſaw ſome of my plants in a very flouriſhing ſtare, s 
in highly noxious air, was pleaſed to expreſs very 


great ſatisfaction with the refult of the experiments. 


In his anſwer do che Jetter in which T informed im 


of it, he ſays, 


« That the vegetable creation ſhould reſtore the 


« air which is ſpoiled by the animal part of it, 
e Jooks like a rational ſyſtem, and ſeems to be of 
« a piece with the reſt. Thus fire purifies water 
all the world over. It purifies it by diſtillation, | 
« when it raiſes it in vapours, and lets it fall in 
rain; and farther till by filtration, when,' keeps | 
« ing it fluid, it ſuffers that rain to percolate the | 
* _ We knew before that putrid animal fub- * 
e | cc ſtances 
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te ſtances were converted into ſweet vegetables, 
« when mixed with the earth, and applied as ma- 
e nure; and now, it ſeems, that the ſame putrid 
te ſubſtances, mixed with the air, have a ſimilar 
« effect. The ſtrong thriving ſtate of your mint 
ce in putrid air ſeems to ſhew that the air is mended 
by taking ſomething from it, and not by adding 
« to it.“ He adds, © I hope this will give ſome 
* check to the rage of deſtroying trees that grow 
ce near houſes, which has accompanied our late 
“ improvements in gardening, from an opinion of 
e their being unwholeſome. I am certain, from 
10 long obſervation, that there is nothing unhealthy 
&« in the air of woods; for we Americans have 
ce every where our country habitations in the midft 
« of woods, and no people on earth enjoy better 
a health, or are more prolific.” 

May not plants alſo reſtore air Simicifend. by pu- 
trefaction, by abſorbing part of the phlogiſton with 
which it is loaded? The greater part of a dry 
plant, as well as of a dry animal ſubſtance, con- 
ſiſts of inflammable air, or ſomething that is capable 
of being converted into inflammable air; and it 
ſeems to be as probable that this phlogiſtic matter 
may have been imbibed by the roots and leaves of 
plants, and afterwards incorporated into their ſub- 
ſtance, as that it is altogether produced by the 
power of vegetation, * not this phlogiſtic 
| | — 
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matter be even the moſt eſſential part of the food 
and ſupport of both vegetable and animal bo- | 
dies? 

Having diſcovered that vegetation n to a 

conſiderable degree of purity, air that had been 
injured by reſpiration or putrefaction, I conjectured 
that the phlogiſtic matter, abſorbed by the water, 
might be imbibed by plants, as well as form other 
combinations with ſubſtances under the water. A 
curious fact, which has ſince been communicated to 
me, very much favours this ſuppoſition. 

Mr. Garrick was fo obliging as to give me the 
firſt intimation of it, and Mr. Walker, the ingeni- 
ous author of a late Engliſh Dictionary, from 
whom he received the,account, was pleaſed to take 
ſome pains in making farther inquiries. into it for 
my uſe. He informed me that Mr. Bremner, who 
keeps à muſic- ſhop oppoſite to Somerſet-houſe, 
was at Harwich, waiting for the packet; and ob- 
ſerved that a reſervoir at the principal inn was. very 
foul on the ſides. This made him aſk the inn- 
keeper why he did not clean it out; who imme- 
diately anſwered, that he had done ſo once, but 
would not any- more; for that after cleanſing the 
reſeryoir, the water which was caught in 1t grew 
fetid, and unfit for uſe ; and that it did not recover 
its ſweetneſs till the ſides and bottom of the re- 
ſervoir grew very foul again. Mr. Walker queſ- 
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tioned Mr. Bremner, whether there were any 
vegetables growing at the ſides and bottom of it; 
but of this he could not be poſitive. However, ay 


he ſaid it was covered with a green ſubſtante, which 
is known to be vegetable matter (and indeed nothing 


elſe could well adhere to the fides, as well as to the 
bottom of the reſervoir) I think it will be deemed 
probable, that it was this vegetating matter that 
| Preſerved the water ſweet, imbibing the phlogiſtic 
matter that Was diſcharged | in its tendency to putre- 


faction. . 
I ſhall be hacks if che mention of this fact 


ſhould excite an attention to things of this nature. 
Trifling as they ſeem to be, they have, in a philo- 
ſophical view, the greateſt dignity and importance; 
ſerving to explain ſome of the moſt ſtriking phe- 
nomena in nature, reſpecting the general plan and 
conſtitution of the ſyſtem, and the relation that one 
_ of it bears to another. | 
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Experiments of Plants growing in 2 Ar ; te 


Tear 1777. 


| 5 n heard that ſeveral perſons abroad 
L & had not been able to repeat my experiments 
with the ſame ſucceſs, I reſumed them; and when 

I had made ſome progreſs in them, I heard of the 
experiments of Mr, Scheele on beans, who reports 
the reſult of them to have been conſtantly the re- 
verſe of mine. On this account I gave the more 
attention to this buſineſs in the ſpring and ſummer 
of 1778 ; and though I was interrupted in the pro- 
ſecution of them, I made a conſiderable number in 
the beginning of the ſummer, the reſult of which 
was as follows. 

1. In general, the experiments of this year were 
unfavourable to my former hypotheſis. For whe- 
ther I made the experiments with air injured by 
reſpiration, the burning of candles, or any other 
phlogiſtic proceſs; it did not grow better but worſe ; 
and the longer the plants continued in the air, the 
more phlogiſticated it was. I alſo tried a great variety, 
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of plants, but with no better ſucceſs, as ſprigs of 


mint, ſpinach, lettuce, onions, brook-lime, and ſome 


others. The method in which I uſed them was, 


generally, to put the roots into phials filled with 
earth and water, and then to introduce them through 
water into the jar containing the air on which I 
was making the experiment ; the jars being about 
ten inches in length, and two and a half in diame- 
ter. | | 

2. I have had ſeveral inſtances of the air being 
undoubtedly meliorated by this proceſs, eſpecially - 


by the ſhoots of ſtrawberries, and ſome other plants, 


which I could, by bending, introduce into the jars 
or phials of air, ſupported near them in the garden, 
while the roots continued in the earth, This 1 
thought to. be the faireſt method of trial, the plant 
growing, in every reſpect, in its natural way, ex- 
cept that part of the ſtem was obliged to lie in 
water, and the ſhoot was in air, confined in a nar- 
row jar. 


3. 1 had other inſtances, no leſs unqueſtionable, 


of common air not only receiving no injury, but 


even conſiderable advantage from the proceſs; hav- 
ing been rendered in ſome meaſure dephlogiſticated 
by it, ſo as to be much more diminiſhed by nitrous 
air than before; a thing which I was far from ex- 


petting ; having had nothing farther in view than 


ſimply to try whether the air would be injured or 
| | not ; 
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not; Mr. Scheele, who made his experiments with 
beans, having always found it injured. f 
4. In moſt of the caſes in which the plants fail- 
| is to melidrate the air, they were either manifeſtly 
ſickly, or at leaſt did not grow and thrive, as they 
did moſt remarkably in my firſt experiments at 
Leeds; the reaſon of which I cannot diſcover. 


Indeed, I did not at this time make uſe of any air 


tainted with putrefaction, contenting myſelf with 
that which was injured by my own reſpiration, or 
the burning of candles; and it was in air tainted 
with the putrefaction of animal ſubſtances that my 
plants had flouriſhed the moſt; 

Upon the whole, I ſtill thought it probable, from 
the experiments of this year, that the vegetation 
of healthy plants, growing in ſituations natural to 
thein, has a falutaty effect on the air in which thiey, 
grow. For one clear inſtance of the melioration 
of air in theſe cireuinſtances ſhould weigh againſt a 
hundred caſes in which the air is made worſe by it, 
both on account of the many diſadvantages under 
which all plants labour, in the circamſtances in 
which theſe experiments muſt be made, as well as 
the great attention, and many precautions, that are 
_ requiſite in conducting ſuch a proceſs. 
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Acro w. 
: Of the Growth of Plants in dephlogiſticated Air. 


NINCE air that has been injured by reſpiration 
or putrefaction is favourable to the growth of 
plants, it was natural to conclude, that dephlogiſti- 
cated air muſt be unfavourable. to them. But it is 
remarkable that plants will live tolerably well in 
very different kinds of air, even in inflammable air. 


' However, in order to form ſome general idea of 


the effect of this pure kind of air i in this reſpect, 
IL. made the following experiments. On the 1oth 
of £ September, 1776, 1 took two ſprigs of mint; 
and having put each of them into a Phial of rain 
water, introduced one of them into a Jar of dephlo- 
giſticated air, leaving the other in, a jar of the ſame 
ſiae, and with all other eren ſimilar to it, 
in common air. 
For ſome 20 . could perceive no Afference 
between them, and neglected to take notice of them, 


till the roth of October following; when I found 


the plant in the dephlogiſticated air quite dead and 
black, and the other partially ſo, hut the upper- 


{ 
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moſt leaves were ſtill alive. The dephlogiſticated 


air was diminiſhed one ſeventh of * bulk, and 
the other half as much. 
This being late in the year, when the power of 


vegetation is languid, and being a ſingle experi- 


ment, no general concluſion could be drawn from 

At. | 
But I was pretty well fatisfied with reſpect 

to it, from experiments begun in April, 1777, 

and continued occaſionally in the courſe * the 

ſummer following. 

In order to compare the vegetation of ba in 


air differing as much as poſſible with reſpect to 


phlogiſton, I took three ſprigs of mint; and having 
put all their roots into phials containing the ſame 
pump water, that had been ſome time expoſed to 


the open air, I introduced one of them into a jar 


of common air, another into one of dephlogiſticated 


air, and the third into air that had been phlogiſti- 
cated with nitrous air ſeveral months before. It 
was in ſuch a ſtate, that one meaſure of it and one 


of nitrous air occupied the ſpace of 1 75 meaſures, 


This was done in April; and examining the plants 
on the 12th of May following, I found that the 


plant in this phlogiſticated air had grown remark- 


5 ably well, much better than that in the common 
air; whereas the plant in the dephlogiſticried air 


had a very ſickly appearance. 


13 l examined 


r 


/ 
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I examined theſe plants on the 26th of the ſame 
month, when the appearances continued nearly the 
fame, and then, examining the ſtate of the air, I 
found that, though the plant in phlogiſticated air 


had grown ſo well, the air was not ſenſibly improved 


by it. The dephlogiſticated air was injured, which 
J attributed to the rotting of ſome of the leaves 


of the plant. The common air I did not attend 


to. 
On the 5th of June following, I took an account 


of three ſprigs of mint, which had been growing, 


1 believe, ſome weeks in dephlogiſticated air, and 
of three others, which had been growing the ſame 


time, and in all the ſame circumſtances in other 


reſpects, in common air; and obſerved that, in all 
the three caſes, the appearances were deciſively in 
favour of the plants in the common air, the ſhoots 
being twice as large, and every other W 
of health in the ſame proportion. 

J do not ſay that even theſe Auen are 
quite ſufficient to determine the queſtion; but they 


ſeem to make it probable, that dephlogiſticated air 


does not ſupply that pabulam which plants derive 


even from common air ; though I own it may in- 


jure them on ſome other account. Even Mr. 
Scheele, who maintains that vegetation has the ſame 
effect on air that reſpiration has, I find, allows that 
plants do not grow fo. well in dephlogiſticated as 


in common air. 
S EC- 
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SECTION V. 


D the State of Air confined in the Bladders if Sea 
Weed. 


LA much confirmed in the hypotheſis of 
vegetation reſtoring atmoſpherical air to a ſtate 


of greater purity, by finding the air within the 


bladders of the common ſea weed to be conſiderably 
better than the common external air. This was a 
caſual and unexpected obſervation that I made in 
the courſe of a ſummer which I ſpent at Lymington, 


and I wiſh that ſome philoſophical perſons who live 


near the ſea would examine this circumſtance a 


little farther, both for the ſake of inveſtigating the 


origin of this air, and the particular œconomy of 
the plant that contains it. It might even lead to 
ſome farther knowledge of the ſtructure of Plants 


| in general. 


Before I recite theſe enen I would re- 


mind my reader, that I formerly gave ſome atten- 
tion to the air contained in the hollow parts of 
certain plants, particularly the Bladder ſena, and the 
ſtalks of onions ; but, in thoſe two caſes, I found 

| T 4 1 the 
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the air, as far as I cont then- judge, not to differ 
from that of the ſurrounding atmoſphere. This 
being an obſervation of no conſequence, I deſiſted 
from proſecuting it, imagining there muſt be ſome 
eaſy communication between thoſe cavities in plants 
and the external air, ſo that much difference could 
not be expected. I found, however, in the courſe 
of this ſummer, that, in two other. caſes, air ſo 
confined was much inferior in pority to that of 
common air, 

Air preſſed out of the ſtalks of the common flag 
(as 1 think it is called) growing in water, was in 
ſuch a ſtate, that one meaſure of -it and one of ni- 
trous air occupied the ſpace of 1.5 meaſures. And 
air in the inſide of a plant reſembling hemlock was 
even worſe than this. For when I examined it I 
found the meaſures of the teſt to be 1.75, _ 

Upon this I was rather inclined to ſuppoſe, that 
if the air within the cavities of plants was examined 
with rigour, it would always be found rather worſe 
than the air in the ſurrounding atmoſphere, eſpeci- 
ally if the plant was in the ſmalleſt degree un- 
healthy ; as the phlogiſton diſcharged in any ten- 
dency to diſeaſe would eaſily affect the air of ſuch 
cavities; and there being no viſible circulation, -it 
would probably retain ſuch a taint a conſiderable 
time, Though I might have ſuppoſed, that if the 
Ent: was * Wa, and did imbibe phlogiſton 


from 8 


$2. V. VEGETATION. ' 218 | 


from the neighbouring air, the air in thoſe cavities 
(in what manner ſoever it came there) would be 
depurated by that means, and. thereby approach to 
the ſtate of dephlogiſticated air. This may per- 
haps be the caſe with the air in the bladders of ſea 
weed, though I could wiſh' to know a little more 
concerning the origin of this air. For as ſome of 
the plants grow intirely under water, there is no 
appearance of this air having ever been atmoſpheri- 
cal air, but rather of its being generated within the 
plant itſelf. 

I obſerved three kinds of this ſea boa, one 
which I take to be the quercus marinus, the blad- 
ders, when full grown, being about half an inch 
in diameter, and rather of an oval form; another 
in which the bladders were ſpherical, about a quar- 
ter of an inch in diameter; and a third in which 
the bladders were much larger than theſe, being 
formed by the ſeparation of two laminæ of which 
the plant conſiſts, ſo as to reſemble a fillet, the blad- 
der being exactly of the breadth of the flag, and 
rather longer than it is broad. 

The firſt of theſe was moſt common on the ſea 
ſhore at I ymington. The firſt that I took up had lain 
a conſiderable time on the ſhore, ſo that the blad- 

ders were become very hard and brittle, and the 
air within them was exactly in the ſame ſtate with 
| _ the air of the . But afterwards, on the 
25th 
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25th of July, I happened to meet with a quantity 


of this weed that had juſt been thrown up by the 


ſea, quite moiſt, and the bladders ſoft. Burſting 


them under water, and examining the air, I found 


that one meaſure of it and one of nitrous air occu- 
pied the ſpace of not more than one meaſure ; 
whereas, when I applied the ſame teſt to the com- 
mon air, the meaſures were 1.3. 


SECTION: VI. 


Of the ſpontaneous Emiſſion of dephlogiſticated Air f 


Mater containing a vegetating green Matter. 


1 perſons, I believe, have met with ſo much 
unexpected good ſucceſs as myſelf in the courſe 
of my philoſophical purſuits. My narrative will 
ſhow that the firſt hints, at leaſt, of almoſt every 
thing that I have diſcovered of much importance, 
have occurred to me in this manner. In looking 


for one thing I have generally found another, and 


ſometimes a thing of much more value than that 
which I was in 1 8 of. But none of theſe un- 
expected 
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expected diſcoveries appear to me to have been fo 
extraordinary as that which 1 am about to relate; 
and it may ſerve to admoniſh all perſons who are 
engaged in ſimilar purſuits, not to overlook any 
circumſtance relating 'to an experiment ; but to 
keep their eyes open to every new appearance, and 
F 8 
it may ſeem. 

In the courſe of my experiments on the growth 
of plants in water impregnated with fixed air, I 
obſerved that bubbles of air ſeemed to iſſue ſpon» 
taneouſly from the ſtalks and roots of ſeveral of 
thoſe which grew in the unimpregnated water; 
and I imagined that this air had percolated through 
the plant. It immediately occurred to me, that 
it this was the caſe, the ſtate of that air might poſ- 
ſibly help to determine what I was at that time in- 
veſtigating, viz. whether the growth of plants con- 
tributes to purify, or to contaminate the air. For 
if this air ſhould prove to be better than common 
air, I thought it would ſhow, that the phlogiſton 
of the imbibed air had been retained in the plant, 
and had contributed to the nouriſhment of it, while 
that part of the air which paſſed through the plant, 
having depoſited its phlogiſton, had been rendered 
purer by that means; though if the air ſhould not 

have been found better than common air, I ſhould 

not have concluded my hypotheſis was falſe; ſince . 
1 | planes 
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plants, like animals, might take in phlogiſton in 
one ſtate, and emit it in another. 
With this view, however, I plunged many phials, 
containing ſprigs of mint in water, laying them in 
ſuch a manner, as that any air which might be diſ- 
charged from the roots would be retained in the 
phials, the bottoms being a little elevated. In this 
poſition the ſprigs of mint grew very well, and i in 
ſome of the phials I obſerved a quantity of air to 
be collected, though very ſlowly ; but I was much 
diſappointed in finding that ſome of the moſt vi- 
gorous plants produced no air at all. At length, 
however, from about ten plants, I collected, in the 
courſe of a week, about half an ounce meaſure of 
air. This was the 19th of June, 1778; and, ex- 
amining it with the greateſt care, I found it fo 
pure, that one meaſure of it and one of nitrous air 
occupied the ſpace of only one meaſure. | 
This remarkable fact contributed not a little to 
confirm my faith in the hypotheſis of the purifica- 
tion of the atmoſphere by vegetation ; but I did not 
enjoy this ſatisfaction long. For I conſidered that, 
if this was the proper effect of vegetation, it muſt 
be univerſal, and could not be confined to a few 
plants, eſpecially when others of the ſame ſpecies 
produced no ſuch effect. Beſides, when l removed 
the air- producing plants, as I thought them to be, 
into other and — phials, I found that they. 
| yielded 
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yielded no more air than the other plants had done. 
And, what I thought more extraordinary ſtill, the 
phials in which theſe plants had grown, the inſides 
of which were covered with a green kind of matter, 
continued to yield air as well when the plants were 
out of them, as they had done before. This con- 5 

vinced me that the plants had not, as I had ima- 
gined, contributed any mn to the HG ee of 
this pure air. 

About the ſame time I obſetved that great cn 
ol air roſe ſpontaneouſly from the bottom and ſides 
of a tall conical receiver, about eighteen inches 
high, and five wide at the bottom, originally made 
for the experiment of the fountain in vacuo, but 
which 1 had often uſed as a magazine for various 
kinds of air, and which was at that time employed 
for the ſame purpoſe ; and both the plate on which 
| it ſtood inverted, and the lower part of the m 
were covered with this green matter. 

To make my obſervations on this new ſubject of. 
experiment with more attention, I transferred the 
air it had contained into another veſſel, filled the re- 
ceiver with freſh pump water, and placed it where 
it had ſtood before, which was in a window on. 
which the ſun ſhone; when air bubbles preſently 

began to riſe very faſt, ſo that, in three days, I had 
collected ſeven ounce meafures, and this was ſo pure, 
"15; | that 
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that one meaſure of it, and two of nitrous air occu- 
pied the ſpace of four fifths of a meaſure. 
Having found many of my phials which had the 
five green matter in them, I filled them alſo with 
freſh pump water; and, inverting them, I collected 
from them all conſiderable quantities of the ſame 
dephlogiſticated air, eſpecially ' when they were 
placed in the fun ; and it was very amuſing to watch 
them, and to obſerve the bubbles ſwell, and detach 
themſelves gradually from the green matter. 
When I had advanced thus far in this intereſting 
inquiry, I was obliged to deſiſt from the farther 
proſecution of it, on account of a joutney, on which 
I was abſent ſome months; and all that I could do 
was to leave a number of phials filled with differ= 
ent kinds of water, as river water, pump water, and 
rain water, with ſeveral other little varieties, in or- 
der to diſcover the circumſtances that were moſt fa- 
vourable to the production of this green matter, 
whatever it was. 

At my return, on the 8th of Septembet, 1 found 
no green matter in any of the phials, excepting 
thoſe which contained pump water. Neither the 
rain water, or river water, had produced any. 
This pump water contains a conſiderable quantity 
of fixed air, and I muſt alſo obſerve that the inſides 
of the middle and lower glaſſes in one of Mr. Par- 

I ker's 
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ker's apparatus's for impregnating water with 
fixed air were almoſt coated with this green mat- 
ter. | | 35 
After this I placed in my garden a large glaſs jar 
nearly filled with pump water, which I had ſtrong- 
ly impregnated with fixed air, and alſo jars of river 
water, rain water, and pump water unimpregnated ; 
and on the 14th of October, I found almoſt all the 
bottom of the jar which contained the impregnated 
water covered with the green matter, but there 
was none atall in any of the other jars. This made 
it probable, that the fixed air in the water contri= 
butes to the production of this matter. | | 
That the external air, or animalcules in it, have 
nothing to do in the formation of this green matter, 
is evident from ſeveral of the preceding obſerva- 
tions. This could not be the caſe, for inſtance, 
| with the large inverted receiver, which had always 
yielded the greateſt quantity of this air, or with the 
water in the middle veſſel of Mr. Parker's appara- 
tus. Beſides, at other times I have kept phials 
cloſely corked, and yet have found the green mat- 
ter at the bottom of them, and it has yielded air 
 plentifully, eſpecially in the ſun, or when placed 
near the fire. For when the matter is once formed, 
nothing but a certain degree of warmth ſeems to 
be neceſſary to its actual production of air. 
wy | ; The 
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The production of this green matter in cloſe veſ. 
ſels ſeemed to prove that it can neither be of an animal 


or a vegetable nature, but a thing ſui generis, and 
which ought, therefore, to be characterized by 
ſome peculiar name; and all the obſervations that 
I made upon it with the microſcope agreed with this 


ſuppoſition. For, excepting a few filaments, that 
were hollow, and two or three globular pieces, per- 
forated with ſome regularity, all the reſt of the ſub-. 
ſtance ſeemed to be a congeries of matter of a com- 
pact earthy nature, Mt: "ac — taken re- 


ſembling bits of jelly. 
. I had ſome appearances very early, which, ex- 


traordinary as I thought it, made it probable that 


light was neceſſary to the formation of this ſub+ 
ſtance. On the 23d of October, I obſerved that 


two ſmall phials, which had been filled with pump 


water, and cloſely corked on the gth of Auguſt pre. 


ceding, had both of them a quantity of this green 


matter, while an open jar of the ſame water, but in 
a much worſe light had none of it. There was, in- 
deed, a greater depth of water in the jar than in the 
Phials; and though I had generally obſerved that 
this green matter 1s firſt formed at the bottom of 
the veſſels, it may poſſibly require more time to 


the formation of it in proportion to the depth of 
water. Two other jars, however, about an inch 


5 deeper 


— 
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deeper than that above-mentioned, and quite filled 
with the ſame water, placed in the window on which 
the ſun ſhone had acquired this green matter, even 
in leſs time than the two ſmall A HERE 
tioned. 

From green, this ſubſtance paſſes gradually to a 
kind of yellow, or rather ange colour. For on the 
14th of October, I obſerved that the large receiver 
in which I had at firſt collected a conſiderable quan- 
rity of this pure air, and which I had always kept 
full of water, continued to yield air as copiouſly as 
ever, though both on the receiver itſelf, and on the 
plate on which it ſtood, the colour of this ſubſtance 
was quite changed to the orange colour above-men- | 
tioned. | 

On the 17th of September I had taken all the 
air from this receiver, and on the 14th of October 
following, on which I obſerved its change of colour, 
I took from it about nine ounce meaſures of air, 
the very pureſt that I had ever got in this method, 
For one meaſure of it and two of nitrous air, 
occupied the ſpace of 0.44, which is quite as pure 
as dephlogiſticated air at a medium. 

Obſerving one of my phials of water that had got 
a coating of the green matter yielding air very -co- 
piouſly, I poured the water out of it into a clean 
phial, and found that, by the agitation given to it 
in the act of decanting, it 3 
Vol. III. Pyr- 
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Prymont or Seltzer water. Inverting it in a baon 


of water, I collected the air, and found it to be 
very pure. I treated ſeveral other phials in the 


ſame manner, and the ſubſequent appearances being 


the ſame, I had no doubt but that when water is 


| brought. into a ſtate proper for depoſiting that green 
matter, it is, by the ſame. proceſs, prepared for the 


ſpontaneous emiſſion of a conßdemble nen of 
n air. 


I never found it except in n in which 


che water had been expoſed to ligbt; and when, af- 


ter ſtanding in the dark, the water has depoſited a 
whitiſh filmy matter, it has become green after a 
 fewdays expoſure to the fun, ¶ It was moſt freely de- 
poſited from my pump water, and eſpecially when 


it had been impregnated with fixed air, but I have 
ſound it both in river water, and rain water, after 
longer ſtanding· | I. have generally found it at the 


bottom of the veſſel, but ſometimes it has; been | 
firſt formed at the top, and the coating from the 


bottom and that from the top meeting, the whole 
phial has acquired a coating of it * ee once 
filled with pump. water. * 

When I have kept water a Ea time 1n the ſhade, 
it has not generally yielded any other kind of air 


than it would have yielded at the firſt ; and, though, 


when it has been kept in an open veſſel, the air 


has been better, it has never been ſo good as the 


E „ lr 
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air in the ſame kind of water that has hen en 
a much leſs time to the unn. 
No degree of warmtb will 1 
the ſun's light; and though, when the water is once 
prepared by expoſure to the ſun, warmth, will, ſuf. 
tice to expel that air; yet, in this: caſe, the air has 
never been ſo pure, às that. which has been yielded 
ſpontaneouſly, without additional heat. The reaſon 
of this may be that, beſides the air already depurat- 
ed, and on that account ready to quit its union 
with the water, heat expels, together with it, the 
air that was phlogiſticated, and held in a en uni- | 
on with the water. 


The large receiver of which I have nds men- 2 


tion, as having ſerved me for a magazine of air, 
and which I find contains 135 ounces of water, I 
have already obſerved yielded, when filled with 
pump water, nine ounce meaſures of very pure de- 
phlogiſticated air, after being expoſed to the ſun 
from the 17th of September to the 14th of October. 
I then filled it with freſh pump water, and placed 
it in my laboratory till the 8th of December (with 
its mouth inverted; as before, in a diſh of the ſame 
water) and in all this time not a ſingle bubble of 
air came from it. But on being placed i in a ſouth 
window i it immediately began to yield air, and con- 
tinued fo wow og lus aps, till the 21ſt 
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Part J. 
of January following, when there might be about 
four ounce meaſures of air in it. I then placed the 
receiver, and the diſh in which it ſtood, in a large pan 
of water, which I made to boil, and kept boiling 
the whole day, till no more air could be diſcharged 


from it; and the next morning, when it was cold, 


I examined the air, and found it to be in all fix 
ounce meaſures. No part of it was fixed air, and 


one meaſure of it and two of nitrous air occupied 


the ſpace of 9 meaſures; whereas, with the air 
produced ſpontaneouſly, in the light of the ſun, the 
fame meaſures were 445 and the N nine 
ounce meaſures. 


* 
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O Sb i 106 
of air, but made caſually, when; in fact, I p 
expected a contrary reſult from the proceſs, was the 
purification of air injured by reſpiration or putre- - 
fa&tion, by the vegetation of plants. But at that 
time I was altogether ignorant of the part that /ighr 
had to act in the buſineſs, At the publication of 
the experiments recited in the laſt ſection, I had 
fully aſcertained the influence of light/in the produc- 
tion of dephlogiſticated air in water by means of a 
green ſubſtance, which I at firſt ſuppoſed to be a plant, 
but not being able to diſcover the form of one, 1 
contented myſelf with e 0 G wow Mar 
ter. 

Soviet of ty Send da; bet led in 
botany than myſelf, never entertained any doubt of 
its being a plant; and I had aſterwarda the fulleſt 
conviction that it muſt be one, Mr. Bewly has 
lately obſerved the regular form of it by a microſ- 
cope. My own eyes having always been weak, 1 

11 W 3. have, 
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have, as much as poſſible, avoided the uſe of a mi- 


croſcope. 

The principal reaſon that made me — whe- 
ther this green matter was a plant, beſides my not 
being able to diſcover the form of it, was its being 
produced, as I, then thought, in a phial cloſe ſtopped, 
But this being only with a common .cork, the ſeeds 
of this plant, which muſt float invilibly in the air, 


might have:iaſinuated themſelyes through fore-un- 
perceived fracture in it; or the ſeeds might have 
been contained in the Water. previous to, its being 
put into the. phial. Both Mr. Bewly and myſelf 
found, in che courſe ol the laſt ſummer, that when 
diſtilled; water was expoſed. do, the ſun, in I phials 
filled in pat. ĩth quick ſuxer, and in part with diſ- 
dilled waters andi invertedt in haſong gf-guick(ilver, 
none of chis green matter Was ever, produced n 
ſerd of this. plant having: been able to penetrate 
chrough the mercury, to reach the water incumbent 


upon it,» though, in ſeveral caſes, it will be ſeen, 


that theſe ſeeds; diffuſe and inſinuate themſelves, in 
a manner that 1s truly wonderful. 

Without light, it is well known, that no plant can 
Werte it. it do grow at all in the dark, it is 
always white, and is, in all other reſpects, in a weak 
and fickly ſtate. Healthy plants are probabh/ in a 
Rate; ſimilar to that of ſecy in the abſence; of light, 
way. * their e but by 
C128 | the 
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the influence of light; and eſpecially the action of the 
rays of the ſan.” This was the reaſon why no green 
matter was ever produced by means of mere «warmth in 
my former experiments, and that in jars ſtanding in 
the ſame expoſure; but covered, ſo that the light had 
no acoeſs to them, no pure air was collected, none 
of the green matter being then found in them. 
This I verified moſt: completely by covering the 
greateſt part of a glaſs jar with black ſealing- wax, 
which made it thoroughly opaque ; and beſides an- 
ſwering that purpoſe better than brown paper, as 1 
made the experiment before, did not imbibe any 


evaporation of it. To be able to obſerve whether 
any air was collected in theſe j jars, or not, the upper 
part of them was not coated with ſealing wax, 
but had a thick moveable cap of pape which 1 
could eaſily 50 a ad: then inſpe@- the Auer 
bewilligen 
Ilm order to adh y el as fully as poſſible with 
reſpect to this | remarkable circumſtance, I alſd 
made the following experiments, theirefalr of which 
are, indeed, very ere in favour of the influence 
| of light in this caſe. NN in s Satt offs 1 
-» Having a large trough of water, full of eva 
green matter, giving air very copiouſty, ſo that all 
the ſurface of it was covered: with ' froth, and jars 
filed oy it, and inverted, collected great quan- 
U 4 | tities - 
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tities of it, and very ſaſt; I filled a jar with it, 
and, inverting it in a baſon of the ſame, I placed it 
in a dark room. From that inſtant no more air 
was yielded by it, and in a ſew days it had a very 
offenſive ſmell, the green vegetable matter with 
which it abounded being then all dead, and putrid. 

Again, having filled a receiver with freſh pump 
water, and having waited till it was in a ſtate of 

giving air copiouſly, I removed it into a dark room; 

and from that time the production of air from it 
intirely ceaſed. When I placed it again in the ſun, 
it gave no air till about ten days aſter, when it had 
more green matter, the former plants being proba - 
bly all dead ; rg h n een = 


ones were formed. - 1 the 


"Wick the une vider-L plated ſome ſmall flices of 
roaſted beef in a veſſel of water in the ſun, and an 
equal quantity, in another veſſel of the ſame ſiae, 
in the dark; when the former became green, and 
yielded air, but the latter not at all. It will be 

ſeen afterwards that many animal ſubſtances afford 
an excellent rant for this. — nn 
Matter. 

I alſo made a fimilar experiment with fices of 
cucumber, when thoſe in the ſun became covered 
with green matter, and yielded pure air, but thoſe 
that had been placed in the ſhade, though they did 
yield a ſmall quantity of air, it was wholly phlo- 

I giſticated, 
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giſticated,, though not inflammable, which many 
vegetable ſubſtances /yield. OW fame: Og 
ſtances. 37 

That it was e e eta bis | 
and not the mere achun of Bight upon the water, 
might be inferred from my ' former experiments ; 
and this was my own idea at the firſt, though I quit- 
ted it afterwards. The appearance which then 
miſled me was the great quantity of pure air emit- 


ted by the water, aſter it was poured off from the | 


green matter. But before any air can appear on 
the ſurface of the water, in its elaſtic ſtate, the wa- 
ter itſelf muſt be thoroughly ſaturated with it, in 
which caſe it contains ſo much air, that, upon che 
leaſt agitation, even without heat, it readily: parts 
with it, and exhibits the beautiful appearance which 
TI chen deſcribed. But that, notwithſtanding: this 
appearance, it was the · green matter, and not the 
water that E 

following experiment. 211 
DDr 
green matter, I introduced ſeveral of them under 
veſſels filled with freſh pump water, and then placed 
them in the ſun, together with other veſſels filled 
with the ſame water, at the ſame time, but ſtand 
ing on clean plates; when I conſtantly found that 
air was immediately produced in the veſſels con- 
nm OI 
till 
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all che green matter ws naturally. formed in them! 
aſten which, but not befote, 3 / was ments 
in thoſe veſſels alſo. 811 


A Ede deter that had lag been expat | 


the ſun's light, ſo that it muſt have depoſited every 
thing that mere light .could make it; part with; 
and yet in this water, upon plates of green matter, 


air was immediately produced, as well as in water , 


tharchad-ooren Bart rande Jun, D! 
I was led to theſe experiments bp obſerving thut 


air was immediately produced from thoſe parts of 
my jars to which green matter from former experi- 


ments happened to adhere, not having been care- 
fully cleaned. It was likewiſe an evidence tllat it 


was the green matter, and alſo in a vegetating'ſtate; 


which yielded the air; that when a plate covered with 


| it had been made pretty hot before the fire (by 


vhich the plants had probably been OY * e 


incapable of yielding any air. 

Having, by this means, fully ſatigfied myſelf 
chat / the pure air I had-procured was not from the 
wazer, but from the green vegetating ſubſtance 
aſſiſted by light, I concluded that other aguatic 
Hants muſt have the ſame effect; and going to 4 
piece of ſtagnant water, the bottom of which was 
covered with ſuch plants, I took five or fix different 
kinds -promiſcuouſly,. Then, having put them into 
N Jats of the water in which they were grow 

ing, 


a 1 
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ing, and Inverted them in baſons of che ſame, * 
placed them in the ſun; and I found that all of 
them, without exception, were immediately covered 
with bubbles of air, which gradually detaching 
themſelves ftom the leaves and ſtalks, where they 
had originated, roſe to the ſurface of the water; 
and this air, being examined, appeared to be, in al 

the caſes, very pure, though not quite ſo pute as 
that which I had before procured from the 
matter; the meaſures of the teſt, with two equal 
quantities of nitrous air, being, at a medium, 1.5. 
Aſterwards air procured from theſe plants was very 
neatly as pure as the other. non? 
In order to aſcertain with more preciſion the 
real origin of this pure air, and eſpecially to deter- 
mine whether it was properly produced by the light, 
and ſomething within the plant (which, as E found 
afterwards,” ſeems to be the idea of Dr. ingen 
houſz “) ori only: Wm the air pre- 


77 0 113 on an 5 11 "4 EP: ty 55 eel j . 
* He ſays, (Experiments oy Vegetables, p. a 2g) that by 
'« tained from the leaves is by no means air 0 
6 continuing to be produced by a ſpecial pcs ante 
living leaf, expoſed to the day light, and forming bubbles, 
zaum. water prevents this air from bei i de 
« thrautzh the atmoſphere.” Again, p. 89, he ſays 0 13 green 
vegetable matter, © It is wonderful that, this green matter ſeems 
4 never to be exhauſted of  vieding dephlogiſticated air, though it 
& bas no free communication with the common atmoſ here, from 
« which the moſt part of ather plants ſeem to derive thei Rock of 
66 air. Does this vegetable matter imbibe this air from the water, 
97977" « and 


300 OBSERVATIONS ON — Parr T. 


viouſly contained in the water, which I ſuſpected 
from my former experiments on vegetation, I kept 
a quantity of theſe water plants in jars of water in 
the ſun, as long as they would give any air; then 
only changing the water I found that the ſame 
plants immediately began to give freſn air as co- 
piouſly as at firſt, The particular ofthe” pen 
ment were as follows. 

I put « handful of theſe water plants, without 
diſtinguiſhing their kinds, into a receiver contain- 
ing eighty ounce meaſures of water, inverted in a 
baſon of the ſame; and when they had yielded be- 
tween ſix and ſeven ounce meaſures of air, I ex- 
amined it, and found that with two equal quantities 
of nitrous air, the meaſures of the teſt were ©.8. 
But the air had been diminiſhing about three days, 
ſo that I believe there had been eight ounce mea- 
ſures in all, or one tenth of the capacity of the jar, 
and certainly purer than it was now found to be. 
It was evident, therefore, that no more air would 
have been produced by theſe plants in this water, 


age ef che ſun. 1 this jar with 


« dn! it into arenen alr? | this ties not Gen to 
« me probable—I ſhould rather incline, to believe that the wonder- 
4 ful power of nature, of changing one ſubſtance into another, and 
« of promoting perpetually that tranſmutation of ſabſtances which 
_ «we may obſerve every whet®, is carried on in this green vegetable 
„, matter 1 in a more 285 and conſpicuous way,” | 


more 
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more of the ſame river water, the ſame plants were 
inſtantly covered with air bubbles, and in a very 
few hours had yielded more than an ounce mea- 
ſure of air. Some duck wrd, which ſwarmm on the 
top of the water, in the former part of this experi- 
ment, was dead, owing, no doubt, ng 
the air to which it had been expoſed. 

To conchide this ſeries Hape Ind 
air from a quantity of this river water, both before 
the plants were put into it, and afterwards ;; and I 
found that the air contained in it was purer after 
the plants had been confined in it than before, though 
the whole piece of water being quite full of plants, 
the air contained in it was tolerably pure in the firſt 
inſtance.” The meaſures of the teſt, with an equal 
quantity of nitrous air being 1. But the air ex- 
pelle · from the water after the plants would grow 
in it no longer, was ſo pure, that with /wo equal 

of nitrous air, the meaſures'of the teſt 

were 1. Alſo, ehen ene eee, be = 
firſt caſe gave only 2.4 ounce meaſures of air, the 
fame phial afterwards gave 4.4; which is nearly 
twice as much. For, as I have obſerved before, 
whereas the phlogiſtication of air diminiſhes the 
quantity of it, the dephlogiſtication muſt increaſe 
the quantity; and this increaſe exceeding the quan- 
e Ge CIs WIC | 
tion, 
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den. part of it i detached, nd apprars in 8 cute 
form on the ſurfſacde. i 


It is alſo a proof that the proper ini ath 
the air produced in theſe circumſtances is not the 
plant and the light, and that theſe are only agents 


to produce 'that effect upon ſomething. elſe, that in 


all caſes, the quantity of air produced bears a. cer- 
tain general proportion to the capacity of the veſſel 
in which the proceſs is made, never, I believe ex- 
ceeding one eighth, excluſive of that which is held 
in ſolution by the * itſelf, which, however, is 
pretty conſiderable. 73899 ee eg 3; 
A jar containing one wh A os _d Bn 
| meaſures was filled with pump water the 2d of 
June, and it preſently began to yield air, and con- 


tinued to do ſo about a fortnight, after which, very. 


little was produced. The quantity I received, from 
it was twelve ounce meaſures, which is more than 


one tenth of the bulk of the water, and as highly 
dephlogiſticated as almoſt any that I had ever pro- 


cured; The reaſon why this jar began to yield air 


immediately was, that green matter from former 


experiments adhered to ſeveral parts of it. 

At another time 1 obſerved, that, when a large 
— trough, filled with pump water, was very 
turbid, with green matter floating in it, and in a 
_ of giving air ern ghptiully, if I inverted any 


jar 
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jar full of it, it would; in about a week, yield one 
eighth of its contents of air; and examining it, 1 
found this air ſo pure, that with two equal quan« 
tities of oo 4 * ane o& n. 
o.. 1 2084 „ ck od 

From this experigzent it b ry evident; Gur 
there Þ.no-prapts Avdadiinn: of air in the caſe; but» 
only a depuration, or dephlogiſtication, of the air pre 
yiouſly contained in the water; and as water plants 
depurate the air that is held in ſolution by the water, 
it is agreeable to analogy that plants growing in 
air ſhould depurate chat air to which they are ex- 
poſed. This led me to try whether plants growing 
in air would, when - wholly immerged in water, 
though it be not their natural element, exert, and 
retain for any time, their power of depurating air. 
But ſtill, to keep as near as I could to the water 
plants, with which I, had had ſo much ſucceſs, I; 
pitched: upon the water flag for the experiment; 
the root of this plant and part of the ſtalk being 
in water; though the upper part emerges out of 
it. Not ſuſpecting that the mere leaues of a plant 
retain ſo much life as Dr. Ingenhouſz found them 
to do (and as I might have learned from Mr. Bon- 


net) I took three whole plants, and put them into 


tall jars of water for the purpoſe; when I obſerved 


that the leaves were preſently covered with air bub 
bles, and continued to give air the Whole day. Thi 
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air I obſerved to ſtream from both ſides of the leaf, 
and every part of the ſtalk. © This air I examined, 
and found it, in one caſe, to be ſomething worſe 
than common air, but in another caſe, ſomething 
better, though not conſiderably ſo. Before I pro- 
ceeded to make trial of any other plants, I was in- 
formed of the experiments of Dr. Ingenhouſz, 


_ - whoſe aſſiduous attention to this ſubject gave me 


_ the greateſt ſatisfaction, and entirely ſuperſeded what 

I might otherwiſe have thought of doing in the 
ſame way. 

It appears frown theſe experienens; that air com- 
bined with water is liable to be phlogiſticated by 
reſpiration, and to be dephlogiſticated by vegeta- 
tion, as much as air in an elaſtic ſtate, out of water, 
For fiſhes, as I ſhall obſerve, foul the air contained 
in the water in which they are confined, and water 
plants now appear to purify it. This is, no doubt, 
one of the great uſes of weeds, and other aquatic 
plants, with which freſh water lakes, and even ſeas 
abound, po Ik for food to a grear 
number of fiſhes. 

The experiments recited in this ſection may help 
us to explain why water, after iſſuing from the 
earth, and employed in floating theadow land, be- 
comes in time exhauſted of its power of fertilizing 
them. When it iſſues from the earth, it contains 
r that is, air loaded with phlo- 

giſton. 
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giſton. This principle the roots of the graſs ex- 
tract from it; ON it is then replete with dephlo- 
o—_ air, and conſequently the plants- it after- 
contact with, find nothing in it 
_—— —1 bebere it is co commonly imagined, 
= the water depoſits ſomething in its courſe upon 
the earth of its bed, and by that aer 
effete, and incapable of nouriſhing plants. N 
I therefore deſired Mr. Young, to mhow this 
country owes ſo. much for the attention that he 
given to the buſineſs of agriculture, to ſend me a 
quantity of ſuch water as had been found ta be 
moſt uſeful! in; fertilizing meadows. He as ſo 
obliging as to ſend me two bottles of ſuch. water; 
and as ſoon as I received them J expelled from 
them the air they contained, and found that which 
was in one of them, ſufficiently impure, the ſtandard 
is uſually contained in water that has been long 
expoſed to che atmoſphere, being of the ſtandatd 
of 1. o; ſo that I imagined. it had not been ſuffei- 
ently well corked. After the water in the other 
bottle had been expoſed a fey, days to the open 
air, the air contained in it was of the ſame quality. 
Upon the whole, I think that the experiment was 
ſufficiently favourable! to the hypotheſis, but more 
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with" which wary of the preceding Experinients were 
made. 


I Very 0 doubt whether the green Matten 
1 which was the ſubject of the preceding ex- 
periments, has ever been properly noticed by 
botaniſts. The conferva fuminalis, as it is deſcribed 
by Dr. Withering, in his moſt uſeful ſyſtem of 
| botany, though faid to have threads extremely. ſhort, 
is only faid to have them * ſometimes not more 
than half an inch in length,” and it is alſo faid to 
be of a browniſh green.” Whereas this whole plant 
carinot be one tenth of an inch in length, and it is 
of a beautiful lively green. It will be thought, 
however, I imagine, to come moſt properly under 
the denomination of che cenferva; but this not be- 
ing within my province, I ſhall not prefume to give 
it any particular appellation, though I might be 
inclined to call it the «vater moſs. I ſhall therefore 
continue to. call it, in general, the green matter, or 
the green vegetable ſubMance, Whether this plant 
has ever got a name in ſyſtems of botany, or not, 


its natural hiſtory is certainly unknown; and there- 
| fore, in this and the following ſection, I ſhall give 
fuch an account of its mode of growth, and other 
pragma wen. e Ame e e cr 
under my obſervation. . 

In general the ſeeds of this phutyſfor' | piefinne 
an Bis" ocker plants, this [alſo d have Red) > 
float | inviſibly in the air, and are capable of pro- 
ducing plants in all ſeaſons of the year, whenever 
they meet with water, eſpecially if it be impreg- 
nated with not too great a proportion of vegetable 
or animal ſubſtance, in a ſtate of putrefaQtion; and 
if it does not actually freeze, the plants never fail 
do appear in their vigour, ſo as to be capable of 
producing air, in the ſpace of a few days. But 
gs armored e as crabs 


br lagenhouſ?'s idea of the origin of this vegetable matter, 
21 himſelf allows it to be, is rather extraordinary, conſidering 
3 doctrine of equivocal, or ſpontaneous generation, has 
= He ſays, p. go, The water itſelf, or ſome ſub- 
ee into this vegetation, 
« and undergoes, by the influence of the ſun ſhining upon it, in 
« this very ſubſtance, or kind of plants, fuch a metamorpholis, as 
« to become what we now call dephlogiſticated air This real 


« tranſmutation, though wonderful in the eye of a philoſopher, yet | 


* is no more extraordinary than the change of graſs and ether 
vegetables into fat, in the body of a graminivorous animal, and 
the production of oil from the watery juice of an olive tree. 
. ˙ hem eemg yen 
enen. 


xX 2 putreſcent 


rad 
ä parts of animal and vegetable ſubſtances, 
ſome of them are mne to it and 11 
it growth, 11. ul 

The ſeeds of this ant inſinuate chmibes'! into 
veſſels of water through the ſmalleſt apertures, and 
then diffuſe themſelves through the whole maſs of 
it; ſo that when the largeſt jars are filled with 
water, and placed inverted in baſons of the . ſame, 
and conſequently: the ſeeds. muſt enter between the 
baſons and the bottoms of the jars, the plants will 
firſt appear at the very top of the jar, if the beſt . 
pabulum for it be lodged there. It will likewiſe 
appear from the following experiments, that, though 
the tendency to produce pure air is favoured by a 
certain quantity of putrefactive matter in the water 
in which theſe plants are found, the quantity may 
be ſo great, as to counteract the operation of the 
Plant, and phlogiſticate, and diminiſh, the air as falt 
As it is produced. 

As I ſhal generally deſcribe the whole-of ay 
procek, juſt as J noted the appearances at the time, 
the neceſſary influence of light in the production of 
dephlogiſticated air, as well as other circumſtances 
already proved by the experiments recited above, 
will occaſionally receive additional confirmation, | 

I have found a ſlower and a leſs produce of ait 
from rain water than from pump water; owing, I 
gu to the rain water containing leſs air to 

1. operate 
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operate upon? and generally alla in a pete 
than that which is contained in pump water. | 
On the gth of June, I placed, in the open air, a 
large jar of rain water, inverted in a baſon of the 
ſame; but no green matter appeared in it before 
the 22d; of the month. On the 24th of July, find- 
ing no more air produced, I examined it, and found 
the quantity to be two ounce meaſures and a half: 
and with two equal quantities of nitrous air, the 
meaſures of the teſt were 1.24. This rain water, 
which was received ina large tub from the roof of 
2 houſe, yielding ſo little air of itſelf, I generally 
made uſe of it when Þ:ried the effect of different 
impregriations of vater: al; Dick 3 A 
The green matter, eee hp produc- 
tion of air, alſo -genetally appeared very late in 
diftilled: (water, which is à confirmation of the 
hypotheſis. mentioned above. For water after: diſ- 
tillation mnuſt have time to imbibe air from the 
common atmoſphere for this plant to operate upon, 
before any air can be produced from it. On this 
account, I have always found that this effect has 
been ſooneſt produced in the ſmalleſt veſſels. Havs 
ing, on the 2oth of Auguſt, expoſed to the air a 
Jar nine inches deep, and another of four inches, 
not inverted in baſons, but ſimply filled with. diſ- 
tilled water, the latter was covered with green mat- 
. :6th of September; whereas it did not 


X 3 appear 
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amen. 
afterwardss. j 

In one Serin (from: which, FRI, I 
would not draw any certain concluſion) diſtilled 
| water was more favourable to the production of 


this green matter than rain watet, which, being col- 


lected from the roof of a houſe; might contain ſome: 


peculiar impregnation unfavourable to vegetation. 
1 put four pennyweights of boiled mutton into 


the belly of a retort, containing about a pint, filled 
with diſtilled water, and an equal quantity of the 


ſame mutton I put into a- retort of the fame ſize; 
filled with rain water; and obſerving them nine 
days afterwards, I found the latter of a reddiſh hue, 
with very little air, whereas the former was all 
green, and in a ſtate of yielding air very copiouſly; 
The mouth of this retort was immerſed in à veſſel 
of water ſeven inches deep, and was alſo cloſed 
with a cork, which had a very ſmall perforation in 
tt, in order to cut off, as much as poſſible; all com. 


munication with the external air. Perhaps the ſeeds 
of this plant might have been in this water previous 


to its expoſure, though it Ian COIN 
long before the experiment. 

I found this green matter in a ſtate Canin ah 
in water, which had formerly been impregnated 


with fixed air and iron. The fixed air, however, 
being gone, W nothing but 


* 


Fm 
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ſimple water was leſt. But I liewiſe ſoumd this. 
plant in water impregnated both with common ſalt, 


and with. /altpetre, bene will 
not part with in the open air. iti 0 
The water was impregnated ee al, 


ſo as. to make it about the ſame degree of ſaltneſs 
wirh that of ſea water, and it was expoſed in a tube 


an inch in diameter, and three ſeet long, inverted 
in a pot of the ſame water. All the inſide of the 
cube as, in time nearly, covered with ſmall green 


knobs, almoſt .contiguaus to each other, and not 


with ſuch an uniform. coating as is; generally found 
in common water, The air was very pure. De- 
phlogiſticated air was alſo procured. at the ſame 
ume in a ſimilar tube, filled in the ſame manner, 
wick water imp 
nit But the air in this 


mon ſalt. n 3% Hr t2 e 9valr © . 
Having impregnated eee 


ſtrongly with fixed air, I placed at in un inverted © 
Phial, and obſerved that no green matter appeared 
in it of a long time; but when the fixed air might” | 


be ſuppoſed to have made its eſcape, the green 


Part wap nation en. pyeoar 1 
9 With emo equal dun. 


Vith can-equal quantity of 
not to be quite 
d n minen 
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is of hitrous' air, the treaſures of the” telt were 


6. in Gil 4 ſteve! on ike pale of veſſel of 
water the ſeeds of this plant would firſt fall, and in 

what manner they would then propagate theimſelves, 
I placed in the ſun a glaſs tube one inch wide and 


chree ſeet long in an inelined poſition, but with its 
mouth upwards, filled with diſtilled water! The 


green matter firſt appeared, in ſmall ſpecks, about 


two inches below the ſurface of the water, ' on the 


fide to which it was inclined, then on the ſame fide 
near the middle of the tube; Arid laſtly all the bot- 
toil was covered with it. On the whole; the 


tube preſented” the appearance of the "ſeeds: hav- 


been let. fall into it perpendiculariy, and paſſing 
through che water to have fixed” themſelves where 
they happened to impinge. Lad the tube been 
placed-perpendicularly,i the: greet matter would, 1 
ſuppoſe, have appeared firſt at the bottom of it; 28 
indeed have generally found 2t6 be the caſe ; and 


| would have extended itſelf from thence tõ tlic ſides 


- 


of the tube⸗ C751: Ul 4871 bywivtdo Enn Avi; 
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A Produftion of Green Ae and of pure Ar, 
den ag: of uarious Vegetabie Subſtances'in Water. 
mh © nay Won wk Ida oni Dj 

He very ſoon obſerved that this green 
vegetable matter, or mater moſs,” was planted 

and propagated with more eaſe,” and produced air 
more copipuſly, in ſome: circumſtances than in 
others, and that various ſubſtances, animal and ve- 
getable, were favourable to it, and others of both 
kinds unfavourable, I trieda great variety of them, 
and ſhall recite ſuch of the particulars ab lappear in 
any meaſure remarkable, and ſuch as may furniſh: 
r wit relates' to 
this ſubje&s {1.1 inf tel AK £13918 30 
hatF le-imoſt' remarkable: ba. attending | 
theſe: experiments was, that ſome ſubſtandes, con- 
a priori, inſtead of admitting the growth of this 
plant, when, they hegan to putrify, and diſſolve, 
which was the caſe with moſt vegetable and animal 
ſubſtances, yielded from themſelves: a very great 
quantity of inflammable air q andãt made no differ- 
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ence whether they were placed in the ſun or in the 
ſhade, Whereas other ſubſtances, which, if they 
had been confined by quickſilver, would have yield- 
ed, by putrefaction, inflammable air alſo, together 
with a portion of fixed air, only ſupplietd the proper 
pabulum for this green matter, and the whole pro- 
duce was pure dephlogiſticated air; the phlogiſton, 
which in other circumſtances would have been con- t 
verted into inflammable air, now going to the nou- F 

0 

2 

{ 


riſhment of this plant, which by the MALIN Ly 
light yields ſuch pure air. DO. n en | 
I ſhall, in the firſt place, give . 
experiments I made with the leaves of plants, and 
then with ſome other parts of them, confining my- 
ſell chiefly to ſuch as are commonly uſed for food 3 
having in chat choice a view to the principle of u. 
Feed eee that 0 ne mant 
On dhe 18th of Jong, 5 
of concen: into a large jar of rain water. On 
the 28th. the water began to be a httle turbid, and 
the veſſel contained three ounce meaſures of air, no 
part of which was fixed air; and, with two equal 
quantities of nitrous air, the meaſurtes of the teſt 
the cabhage in the ſarrie veſſel, on the i 8th of July 
there was in it ſix ounce meaſures of air, which was 
* very rapadly, all the water being very 
— 
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green; but after the 19th, lirtle more air was pro- 
duced. At this time I collected tem ounce mea 
ſutes, no part of which was fixed-air, and with two 
equal quantictes of nitrous air, the meaſures of the 
delt gete eise rds abbage an then elt bor 
not offenſive; 
Replating ihe Ee Abbes in froth - e 00 

the 27th of July: ſeveral ounce —— 
producedy and on the 9th I took: from it eight 
once rneaſares; the production of air having ceaſed 
a day or E before.” This air was quite as pure 
as the laſt f for the meaſures of the teſt were 606, 
and theicabBige was ill Joft, but not in the Kalt 
offenſiye. The reaſon of this, I imagine, was, thut 
the phlogiſton, which would have conſtituted the 
offentive ſmell of me cabbage (and no putrid/vege- 
tabk fubſtance is more offenſive) was, in this caſe, 
imbibed by this water moſs, as faſt as it was pit 


by the proceſs of putrefattiort ; and the Mn Foes 


large, there was no ſoperabundant Phlogiſton to 
contamitate the air. es 


in order to'tty what effect a larger quart of | 
cabbage in proportion to the ſize of the jar 'W 
hav, and alſo.what would be the Altre Win 


paring br te dark, radar, fig 


"Oh g 10% br h f pot two ounce meaſures 
ud a half of cabbage into a 2 


i 
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in the ſun, and in a fimilat veſſel an equal quantity 
of the ſame cabbage in 4 dar oom. ¶ On the agth 
the water of the veſſel in the ſun had) a-whitiſh ap- 
pearance, and about at ounce meaſure of air was 
produced; but at the ſame time there was a much 
larger quantity of air produced from the cabbage 
in the dark, the water being turbid alſo. The day 
following 1 examined the air from the dark room; 
and, found it to be ſixteen ounce meaſures, one 
third. fixed air, and the; reſt, ſtrongly inflammable. 
The cabbage was putrid and highly offenſive. That 
in the ſun had yielded an, ounce meaſure and a, half 
of air, 2, very ſmall/proportion of which, perhaps 
one twentieth, was fixed air, and the ek. OG 
inflammable, the 3 offenſiye. e 
This experiment ſbews That vient light 
flammable. air is e by the putrefaction of 


# fs SS 4 


tion of this kjod. of « air in —— —— 
7 the cabbage. in the fun alſo produced inflam- 
mable air (though i it was not in ſo great a quantity 
as from the cabbage in the dark) was, that | the mals 
of it was too great for the capacity of the veſſel. 
There had ; alſo been. very little ſunſhine, | the wea- 
ther haying been rainy, or cloudy... 

On the 28th of June I put fourteen perinyweights 
of Jettuce into a jar containing twenty ounce mea- 

| ſures, or rain Water. | On, the third of July it became 
2 turbid, | 
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wbid;"and tw o ounce meaſures of air were' pro- 
duwed the ſlighiteſt proportion of 'which was: fixed 
air, ahd theireſt ſtrongly inflammable. The let- 
| tuce had a very offenſive ſthell In this caſe, as in 
the former; dhe quantity of lettuce, as + Wee 
was too great for the production of pure ai. 
n branch of garden /purge Nhe If ii 
water, the 28th of June; had yielded but à ſew 
bubbles of air on the 17th of July; neither fixed air 
nor inflammable, but of the ſtandard of common 
air. I then replaced the ſpurge in a quantity of 
freſh water, and on the 27th of July I took from 
it an ounce meaſure and an half of air, ſo pure that, 
with two equal quantities of nitrous air, the mea- 
ſures of the teſt were o. 66 and ' it would probably 
have yielded more air. At the time of the firſt ob- 
ſervation I imagined: the rw was not r r 
en ) 

The green vegetable matter upon this plant was 
of a peculiar ſpecies, quite different from any thing 
that I had ever obſerved before, or have ſeen ſince. 
One of the berries of the ſpurge was quite covered 
with it, and exhibited the appearance of ſuch a figure 

as is generally drawn to repreſent the atmoſphere of 

a comet. It conſiſted of filaments as fine as a hair, 

each of them about half an inch in length, riſing 

perpendicularly from the ſurface of the berry. "This 
was Wy the proper conferva ä 

5 The 
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The next experiment exhibits very [cleajly./the 


difference between the effect of light, and 9 II, 


yith reſpect to the object of this inquiry. On the 
goth. of July I placed half a cucumber, weighing 


fiſien penoyweights, in a veſſel containing ſeventy = 


ounce meaſures of water, in the ſun; and on the 
24th of Auguſt I took from it one aunce meaſure 
of air, ſo pure that, with two equal quantities of 
nitrous air, the meaſures. of the teſt were 1.0, not 


in the leaſt inflammable, and without any mixture 
of fixed air. The cucumber was quite covered 


een 


ſmell. 
At ab fame Sms 0 other holf abe bete . 


cumber, which had been kept in a veſſel of the ſamm 


ſize in the dark, had yielded one third of an ounce 
meaſure of air, all of which was phlogiſticated, and 


tte cucumber was very offenſive. In this caſe 1 


doubt not that the air in its naſcent fate, as it 
may be called, was inflammable air, but had been 


changed into phlogiſticated air, as inflammable air 


is apt to be ;- in which caſe the quantity is al- 


ways greatly diminiſhed. Of this I ſhall produce 


ſeveral inſtances in the courſe of this volume. 


the caly foes 3 anale hb} were bio ine, 


Of theſe, on the 28thof June, I put three penny- 


weights into a jar containing about forty ounce me- 


_ of rain water; and at one time during the pro- 
I | 955 ceſs 


FS 
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ceſs they ſeemed to have yielded about an ounce 
meaſure of air; but on the 17th of July the quan- 
tity was manifeſtly diminiſhed, and when examined 
it appeared to be without any mixture of fixed air, 
2 nearly phlogiſticated, the meaſures. of the 

teſt being 1.7. The lillies had no bad ſmell. I 
doubt not but the phlogiſton, which is always ex- 
haled in great quantities from flowers, had contri- 
buted to diminiſh, and phlogiſticate, the better air 
that had been firſt produced, though there had been 
e e ee e 


veſſel. 
Potatoes 1 found to afford an excellent pabulum 


for this vegetable matter, and conſequently to be 
exceedingly favourable to the production of pure air, 
but ſeemingly not at all when they are boiled. 
On the 24th of July, a potatoe, weighing two 
ounces, two pennyweights, twelve grains, cut into 
thin ſlices, was put into a jar containing a hundred 
and fifteen ounces of rain water, and placed in the 
| ſun. Ina day or two the water became turbid, and 

air began to be emitted, the potatoe being quite co- 

vered with the green matter; and on the 28th all 
the water in the veſſel was fo full of green matter 
floating in it, that nothing could be ſeen in the in- 
fide of tt. At the ſame time a low jar, containing 
about ſix ounces of water, with a ſmall potatoe, not 


* had nearly W i 
3 


2 eee on , Pars 1. 


- Afterwards, on the d. -of.:July, I put ſome ſiices 
ol potato into a tall jar containing ſix ounce mea- 
ſures of water freſh diſtilled,” having a communica- 
tion with the water in the baſon in which it was in- 
Vortec by a glaſs tube, with a very fine orifice in the 
cork with which the jar was cloſed. About the 
aoth of Auguſt I obſerved; theſe ſlices of potatoe to 
be a little green, and on the 24th they were wholly 


ſo, the green matter firſt appearing in the baſon in 


which the; Jar ſtood, Aich Was en een time 
to time with rain water. 


3 


In order to try what quantity of air 75 3 pro- 


cure by means of theſe potatoes, which appeared to 
be ſo well adapted to the purpoſe, I put three of 
them, each about the bigneſs of a ſmall walnut, 
into a veſſel containing thirty five ounces of rain 
water. They yielded five ounce meaſures of air, 
ſo pure that, with two equal quantities of nitrous 


air, the meaſures of the teſt were o. 54. The pota- 


toes were quite ſoft, but could not be ſaid to be of- 


fenſive. Again, from a ſliced potatoe weighing two 
ounces, .two pennyweights, twelve grains, expoſed 
to che ſun from the 24th of July, in a jar contain- 
ing 115 ounces of rain water, I took, on the 6th 
of Auguſt, ten ounce meaſures of air, the meaſures 
of the teſt, with two equal quantities of nitrous 
air, being 0.58, the 0 quite ſoft as thoſe 
above. ee 2155.85 $710 


— 
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Laſtly, | 


n 
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ti 
o 
w 
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W A wm a 


nat retrafe e 34 
Laſfly, front fifteen! penny weiglits of iBiked per- 


toes; which had! been expoſed in the ſun à long 


time, in à ſimall receiver; I took about half an 


ounce inidafiore! ef airy: . fund proportici: df which 
potatoe was never green. What would have been 


the-reſult if the quantity of water had been greater, 


I cannot tell. | 
From three flices of tirnip expoſed to the ſun in 
a veſſel containing ninety ounces of water, I took 


nine ounce meaſures of air, ſo pure that, with two 
equal quantities of nitrous ain the meaſures of che 


teſt were 0.7 5 
Nothing I ever triecl was, "in-general more un- 


favourable to the production of pure air than onions, | 


It was only by uſing à very ſmall quantity of them, 


and by expoſing them to the fin in a very lage 


quantity of water, that I ſucceeded to make it ad- 

mit che green matter. At length, however, from 

five penny weights and a half of onion, expoſed to 
the ſun in a jar containing 200 ounces of water, 

from the 6th of Auguſt to the 31ſt, I got ſix ounce 


meaſures of air, not in the leaſt inflammable, and ſo 


pure that, with two equal quantities of nitrous air, 


the meaſures of the teſt were 1.2. At the ame ö 
time I had expoſedd thirteen pennyweights, twenty 


three grains of the ſame onions in a jar containing 
three ountes and a half of water, and on the gth of 


Vor. III. 1 October 
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October following I took of it a little more than 
half an ounce meaſure of air, all of which was 
pPhlogiſticated. It extinguiſhed a candle, and was 
not at all affected by nitrous air. There had been 
twice as much air in the veſſel a month or fix weeks 
before, and then it was probably inflammable. 


lm BC T1 ON, * 


| of the Produttion of Ar i — of the Grem. Mat- 
_ ter you Animal ee 


Amt ſubſtances - were not, A the 
85 whole, more favourable to the growth of this 
green vegetable matter, and the production of pure 
air from it, than vegetables; and different kinds of 
animal ſubſtances exhibited as great e in 
this reſpecte. 

One of tbe wi and Sn cernarkable 8 
that I had of this kind occurred in ſome experiments 
that 1 was making with bes. It ſhews how readily | 
the ſeeds of this A proper 
ä | pabulum, 
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| pabulum, norwithſtanding a great maſs of water be 


in their way to it. 


On the 13th of June I pur three very ſmall fiſhes 


into a jar containing 200 ounces of rain water, in- 
verted in a baſon of the ſame, when there was pre- 
ſently a thin filmy ſubſtance peeled off from all the 
ſurface of the fiſhes. After this a red matter, I 


19 3 


ſuppoſe diſſolved blood, iſſued from them, and was 


diffuſed through the whole maſs of water, making 


it very turbid. About the 23d of June the red 
matter became, as it were, green, the green vege- 
table ſubſtance adhering to it; and on the 26th the 
whole maſs of water. was exceedingly green, and 
quite opake ; but the denſeſt part of the green mat- 
ter adhered to the fiſnes themſelves, which "always 
ſwam on. the top of the jar. I. did not 


this air till the 15th of July, when I found four 


ounce meaſures of it, and tolerably pure, but not 
ſo much ſo, I am perſuaded, as 1 ſhould have 
found it ſome time before. With two equal. quan- 


tities of e en, the meaſures of de teſt were 


1.24. 

A quantity of Jeef * to the fo * a veſſel 
of water ſoon became green, and yielded air; but 
preſently the green matter,. which: had been diffuſed 
through. the whole maſs of water, became yellow, 
or white ; and-from that time no more air was pro- 
_ The fleſh was putrid and offenſive. The 


Y 2 green 


4 
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green vegetable, I doubt not, was quite dead, 


through the extreme putridity of the fleſh, and the 
foulneſs of the Water, which i it had not bony able to 
purify. 

To try" the Aifferencs beter the effechs of 
light and darkneſs with an animal ſubſtance, as I had 


done before with vegetables, on the 17th of July, 


I put eight pennyweights, ten grains, of roaſted 


beef into a veſſel containing about thirty ounces of | 


water, and placed it in the fin, and an equal re- 


ceiver, with an equal quantity of the ſame beef in a 


dark room. On the twentieth I perceived no ap- 


pearance that ſtruck me, but on the 21ſt in the 


evening, 1 found the fleſh in the fun quite green, 
and two br three ounce meaſures of air were gerie- 
rated; but the water in the dark room continued 
quite tranſparett; and in ay refpedt that I wo 


peroeive, unchanged. 


On the 26th the green colour of the fleſh' aid of | 


the water in the fon began to diſappear, and the 
veſſel had a cloudy appearance. Soon after I exa- 


ined the air, and found eight ounce meaſures, 


ery pure, the fleſh ſoft and putrid, but ſtill green 
on its upper ſurface,” The jar, which had been 
placed in the dark never had any air, nor was any 
produced from it afterwards, when it v was ved 
into the fun. hap 


«4% + 
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On the 17th of Auguſt ] expoſed in the fun, in 
4 large retort of rain water, three pennyweighits, ſix 
grains of roaſted beef, the neck of the retort being 
plunged in water nine inches deep in a jar that-near- 
ly fitted it, and moreover cloſed with a cark, in 
which was a very ſmall perforation, ſo as to give 
it as little gran; with ho even air as 
poſſible. ö 

On the wy el took fron, it * 
inthe if and meaſare of air, all inflammable. 
The fleſh had never turned green. During the 


fame time I had expaſed eighit pennyweights, ſix 


grains, of the ſame beef in a jar containing two 


hundred ounces of pump water, which had turned 
green, and yielded dephlogiſticated air. In the ſor- 
mer caſe the beef was more in proportion to the 
quantity of water, and had alſo a very obſtructed 
communication with the external air, from which 
alone the ſeeds of this green vegetable could come. 
This proceſs with a ſmall quantity of ura was 
very remarkable, as this ſubſtance continued to be 
green, and give air, mn een 
be offenſive was quite exhauſted. 

On the 28th of June I put fourteen pennyweights 
of boiled veal into a large jar of rain water, and on 
the third of July both the upper part of the veal, 
and all the water, was quite green. On the fourth 
es I took out half of the veal, and examining 

„ the 
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the air, I found it to be nine ounce meaſures, no 
part fixed air, and ſo pure that, with two equal. 
quantities of nitrous air, the meaſures of the teſt 
were 0.82. The water was ſtill very green. 

Part of this veal, which was then quite ſoft, I 
replaced in a jar of freſh water, putting the remain- 
der of it into a ſmall jar. This never gave any air 
at all. But on the 18th day of July, the water in 
the-large jar was all very green, and in two days 
yielded five or (ix ounce meaſures of air. A little 
time after 1 examined it, and found twelve ounce 
meaſures,* ſo pure that, with two equal quantities 
of nitrous air, the meaſures of the teſt were 0.57. 
The fleſh had no coherence, and ſtill was offenſive ; 
but on the 29th of July I took from it four ounces 
of air equally pure with the former, and on the ſix- 
teenth of Auguſt half an ounce more, and then the 
jar had nothing offenſive in it. 

The proceſs with a roaſted tendon of a calf's neck 
went on juſt as the above, with this difference, which 
I thought to be a little remarkable, that all the 
water was of a reddiſh hue before it became green, 
though there was no blood, or any thing red, in or 
about the tendon. The air which it Fee after- 

wards was very pure. 
Perhaps the moſt ſatisfactory exrieriments that 
can be made with reſpect to the production of pure 


ger » by means of this om vegetable ſubſtance, .the 
pabulum 
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pabulum that putrefaction affords it, che effect of 
light upon it, and again the influence of putrefaction 
to deſtroy that air, were Tome that I made with a 


mouſe, which I always found moſt effectual for any 


purpoſe in which putrefaction was required, far 
more ſo than pieces of ſolid meat of any kind. 

On the 21ſt of June I put a dead mouſe into 4 
jar containing two hundred ounces of water, in- 
verted in a baſon of the ſame, which I placed in 
the ſun, At the ſame time I put another mouſe 
into a jar of the ſame ſize, filled with the ſame wa- 
ter, and placed it in the dark. In this veſſel the 
water was never diſcoloured, and very little air was 
produced; whereas from the mouſe in the ſun, there 
preſently iſſued a quantity of white mucous ſub- 
ſtance, which ſoon turned to an intenſe green, and 
yielded air moſt copiouſly. After ſome time the 
whole jar was full of this thick green matter, 'and 
air roſe from every part of it; but it was deſtroy- 
ed as ſoon as it approached the upper part of the 
jar, wkere the dead mouſe floated, owing no 
doubt to the phlogiſtic matter which iſſued from it. 

In order to verify this, I threw out the mouſe, 
and dividing the turbid green water into two parts, 
I put one half of it into a retort expoſed to the ſun, 
and the other into an equal retort which I placed in 
the dark, The water in the ſun preſently yielded 


Y +, * 
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permanent air, highly dephlogiſticated; whereas 
that in the dark gave not a ſinglè bubble, but when 
I ſoon afterwards brought it into the fan, it yielded 
air like the other. | 

- The preceding experiments bY male chiefly 
£7 with the muſcular parts of animals, I had the curio- 

ſity to try what difference would be made with the 

other parts of the ſyſtem, and ſome of the ſecre- 
tions; but I was contented with a few articles under 
this claſs, as the extenſion of the experiments to all 
parts of the animal ſyſtem would have been tedious, 
and did not ſeem to Promiſe much advantage... . / 

Buy means of a quantity of the brain of a ſheep, 
2 alſo of the lungs, and of the liver, I procured a 
very conſiderable quantity of very pure air, the pro- 
ceſs with each of theſe being exactly like thoſe which 
have been already deſcribed, and therefore not re- 
quiring t to be repeated. Theſe ſubſtances immerſed 
in rain water were preſently covered with the green 
vegetable matter, which was alſo diffuſed through 
the whole body of the water, and the produce of air 
from it was very copious. 
The experiments I made with * fat gal, and 
gravy had different reſults, ' ' | 
| Eighteen pennyweights of the eraſlamentum of 
ſheep's blood, was expoſed to the fun in a jar of rain 
un containing two hundred ounces ; but it was 
2 always 
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always red, and never yielded more than an ounce 
meaſure of air, * whole of "doh: was oe 
cated, / Aich eld Hr 

No air my was e produced, from a ſmall ves 
fat mutton, expoſed in the ſame manner ten days, 
nor from water which had wing! OY of mut. 
ton gravy in it. 

About half an cons Mae ref =_ poli 
together with the gall-bladder. in which it Was con- 
tained, on the 25th of July, in a veſſel containing 
two hundred ounces of watet, which in a ſew days 
was green, and produced air; but before. the 16th 
of Auguſt it was almoſt all abſorbed, and ſome 
time after was wholly ſo, Gall, being a very pu» 
treſcent ſubſtance, might act as the mouſe in the 
experiment recited above; ſo that perhaps with a 
leſs quantity of gall, or by withdrawing 1 ee 
I might have ſucceeded better. | 

It is impoſſible not to obſerve from dess e experi- 
ments, the admirable proviſion there is in nature, 
to prevent, or leſſen, the fatal effects of putrefaction, 
eſpecially in hot countries, where the rays of the 
. fun are the moſt direct, and the heat the moſt in- 
tenſe, For whereas animal and vegetable ſub- 
ſtances, by ſimply - putrefying, would neceſſarily 
taint great maſſes of air, and render it wholly unfit 
. reſpiration, the ſame ſubſtances putrefying in 

1 water, 
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water, ſupply a moſt abundant pabulum for this 
wonderful vegetable ſubſtance; the ſeeds of which 
appear to be in all places diſperſed inviſibly through 
the atmoſphere, and capable, at all ſeaſons of the 
year, of taking root, and immediately propagating 
themſelves to the greateſt extent. By this means, 
| Inſtead of the air being corrupted, a vaſt addition of 
the pureſt air is continually thrown into it 
By this means alſo ſtagnated waters are rendered 
much leſs offenſive and unwholeſome than they 
would otherwiſe be. That froth which we alſo ſee 
on the ſurface of ſuch waters, and which is apt to 
create diſguſt, generally conſiſts of the pureſt de- 

" Phlogiſticated air, ſupplied by aquatic plants which 
always grow in the greateſt abundance, and flouriſh 
moſt, in water that abounds with putrid matter. 
When the ſun ſhines theſe plants may alſo be ſeen 
to emit great quantities of pure air. . ee 
Even where animal and vegetable ſubſtances 

_ putrefy in air, as they have ſome moiſture in them, 
various other plants, in the form of mold, &c. find 
a proper nutriment in them, and by converting a 
conſiderable part of the phlogiſtic effluvium into . 
their own nutriment, arreſt it in its progreſs to cor- 
rupt the ſurrounding atmoſphere. So wonderfully 
is every part of the ſyſtem of nature formed, that 
good never fails to ariſe out of all the evils to which, 
. 3 
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in conſequence of general laws, moſt beneficial to 
the whole, it is neceſſarily ſubject. It is hardly 


poſſible for a perſon of a ſpeculative turn not to | 


perceive, and admire, this moſt wonderful and ex- 
cellent Ae ; 


SEC T I ON XI. 
_ Of the FR of the Willow Plant to ber Air. 


F the various plants on which I minds exper}- 
ments in the courſe of the ſummer of 1777, I 
met with one which had the remarkable quality of 
abſorbing a great proportion of any kind of air to 
which I expoſed it. It is the epilobium binſutum of 
Linnæus, in Engliſh the willom plant, and it grows 
beſt in the water of marſhy ground. The method 
in which I made the experiments was by fixing the 
jar of air with its mouth in the water in which the 
plant grew, keeping it upright, by faſtening it to 
a ſtick fixed in the bottom of the pool, then bend- 
ing the plant under the water, and introducing the 
top of it n 


I pre- 
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I preſently found that the common air to which - 


it was expoſed in this manner was conſiderably 
diminiſhed, and rendered [noxious ; but having neg- 
lected one of theſe jars for about a week, I was ſur- 
prized to find that near. one half of the whole 
quantity of air was abſorbed, the water having riſen 


ſo far within the jar: whereas, in general, the di- 


minution of air occaſioned by what 1 ſuppoſe to be 
mere phlogiſton, as in the proceſs of iron filings 
and ſulphur, or the calcination of metals, &c. does 
not exceed one fourth of the whole, Suppoſing, 


however, that 1 might not have taken ſufficient 
notice of the quantity of air originally contained in 


the. jar, I repeated the experiment in a jar about 
ten inches long, and one in diameter, and found, 
after ſome time, that the diminution went unqueſ- 
tionably beyond one fourth of the whole; and then, 
to proſecute the experiment farther, I introduced 


other plants of this kind into jars about nine inches 


in length, and two inches and a quarter in diameter, 
one of them filled with inflammable, and the other 
with nitrous air. | 

After about a fortnight, 1 acl the ſtate of theſe 
plants, and of the air to which they were expoſed, 


and found them to be as follows. The plant which 


had been expoſed to common air, in the jar about 

ten inches long and one inch wide, and which had 
| been, 1 in all, about a a in that ſituation, had 
abſorbed 


Se. XI. 
abſorbed: ſeven. eighths of the air in the jar. The 
plant was quite yellow and dead ; but though it had 
been ſo. for. ſome ALL it has Gl cee ab- 
ſorb the air.. 2 

The plant which had: 150 e only about a 
formnight,'il one of the larger jars of common air, 
Was dere Stern, and had conſumed three an 
Gin e nn £127 5 Oi £7 03 

The plant in a jar of the ame fine, contiininn 
fable air, had conſumed” one third of it, and 
part of the remainder (which I drew from it) was, 
to all appearance, as inflammable as ever e 
been. The plant was green. an 
The plant in che nitrous air was as yellow * dead, 
and had oorſumed one third of its ait. 

In this ſtate I was obliged to leave theſe planty 
and to ſuſpend all my other experiments on plants 
by my journey to the ſea fide ; but I had accounts 
ſent me of the ſtate of them from time to time, by 
which it appeared, that the air continued to dimi- 
niſh till the common air in the narrow jar was only 
one tenth of its original quantity, the inflammable 
air was reduced to one ſeventh of the whole; and 
the air in the other jars was diminiſhed in about 
the ſame. proportion. But at length, the ſummer 
air, of courſe, got. into the jars. I regret, particu» 
larly, that I had no opportunity of examining the 
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ſtate of the infammable air in the in 
diminution. | 

Finding this plant to abſorb ſo much air, I was 
deſirous of knowing what became of it, whether it 
was incorporated in the ſubſtance of the plant, or 
was merely ſtrained through it. For this purpoſe 
] put the root of one of the plants, with all the 
earth that adhered to it, into a jar; and bending 
the plant a little, placed the jar in ſuch a manner, 
as that the mouth of it was juſt immerſed in a pan 
of water, and the plant, though in an aukward fitu. 


ation, grew pretty well; the upper part being ſup- 
ported, and alſo turning upwards of itſelf, 22 its 


natural growth, 

Some air -was certainly ſtrained through this 
plant; but much leſs than 1 had expected, con- 
ſidering the quantity that I ſuppoſed it would have 
abſorbed in the fame time, at leaſt if it had grown 
freely in its natural ſituation. The air which. 1 col- 
lected in this manner was almoſt intirely phlogiſti- 
cated, as was always that which remained of the 
common air that the plant had abſorbed: + 

To try whether the plant would actually abſorb 
air in the ſituation above deſcribed, when the root 
was confined in a jar of water, I gave it another 
bend near the top, and placed a jar of common air 
over it, ſtanding in another veſſel of water; but 
the yu would not bear fo much torture, and 

1 though 
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though it did not die immediately, it decayed gra- 
dually, and the experiment had no effect. 

It will certainly be well worth while to compare 
all the circumſtances in which air is abſorbed, as 
well as thoſe in which it is merely diminiſhed to a 
certain degree, in order to aſcertain the circum- 
ſtances that.are common to all the caſes, and there- 


by diſcover the proper cauſe of this remarkable 


phenomenon. Water, and many other fluids, have 
this property in ſome degree, as has long been 
known to natural philoſophers, who did not give 
much attention to the quality,” or chemical properties 
of air. I diſcovered: it in a till greater degree in 

oil of turpentine. And that excellent philoſopher 
the Abbe Fontana has diſcovered it in a much 
greater degree ſtill in charcoal. This plant, how- 
ever, ſeems to poſſeſs the fame propetty | in as great 
a degree as charcoal. It only requires more time 
to produce its effect. At another opportunity 1 
propoſe to examine this matter a little farther. At 
preſent, no conjecture occurs to me that by think 


worth nN to > the public.” _—_ = 
SAY 4.5 3%  % Oy 
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1 N Tei laſt feton. L abba fy hs willow 
plant grew very well both in inflammable and in 
common air, and that it. abſorbed, a conſiderable 
2 of both the kinds, as well as of nitrous 
In this there could not , poſſibly be any miſ- 
ks, unleſs we ſuppoſe the water to have abſorbed 
the air, which it has never been known to do in 
any ſimilar circumſtances, 54 00 When I. re- 
ſumed the experiments on the gro of this Plant i in 


#%.4 +4 


of the. abſorption of common air; but I had re- 
peared, and very extraordinary ones of the abſorp- 
tion of inflammable air by. it, and the plant flouriſh- 
ed ſo remarkably in this air, that it may be ſaid 
to feed upon it with great avidity, This proceſs 
terminates in the change of what remains of the 
inflammable air into phlogiſticated air, and ſome- 
times into a ſpecies of air as good as common air, 
or even better; ſo that it muſt be the inflammable 

| er 
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Principle in the air that the plant takes, cotwerting 
it, no doubt, into its proper nouriſhment, 
Some other plants alſo, as comfrey and 
I obſerved to thrive very well in inflammable air, 
and to produce a ſimilar effect upon it, though, as 
I obſerved in my firſt publication on the ſubject of 
air, and upon other occaſions fince, mint does not 
thrive ſo well in this as in common air, and I have 
generally found that, in _ ON 
by it. 
It may deſerve to be mentioaed. in un * 
nexion, that the willow plant grows beſt in marſhy . 
places, which abound with inflarnmable air. The 
plants that I made uſe of grew in che bottom of 's 
field, in and near a piece of water, into which, if Þ 
only thruſt a ſtick, a prodigious quantity of inm- 
mable air ruſhed out, ſo that, without changing my 
place, I could, at any time, collect « large teceiver 
full of it; and bubbles of air were very frequently: 
riſing ſpontaneouſly from the mud at the bottom. 
It may therefore be a proviſion in natute, chat this 
noxious kind of air ſhould: be fitted to the nouriſh- 
ment of ſuch plants as grow beſt in thoſe places in 
which it abounds, as well as that planet iu general | 
ſhould purify the common atmoſphere,” l ut 3! 
I The facts from which theſe oonclefiav mehre; 
as well as ſome farther obſervations on the ſubject, 
* in the recital of which ic will be 
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neceſſary, to mention the month and the day on 
which the obſervations were made, as they have a 
connexion. with the ſtate. of the plant, and probably 
with its power of action on air. 
On the: 26th of May, 1779, J put a jar — 
W ounce meaſures of air over a willow plant 
growing in water, and on the firſt of June I ob- 
ſerved that the air was little diminiſhed in quantity, 
or affected in quality; for by the teſt of nitrous air 
the meaſures were 1.33; that is, when one mea- 
ſure of nitrous air was mixed with one meaſure of 
this air, they occupied the ſpace of 1.33 meaſures. 
The plant continuing to grow, I examined it on 
the gth of June, when the meaſures. were 1.3, and 
thidiſe of the common air at: che ſame time, I ob- 
ſerued, were 1.26. This light degree of injury 
I imputed to ſome black leaves, which were then 
abo the plant. On the Sth of the ſame month, 
the mæaſures were 1. 36, and on the 15th they were 
1. andthere was ſtill no more proſpect of the 
air.: being abſorbed than before. This I thought 
very extraordinary, as in the preceding ſummer I 
had always found, take what care I could, tliat theſe 
plants injured common air, and at leaſt diminiſhed 
it in the uſual degree of one-fourth, if " they did not. 
abſorb more of it. b 
In inflammable air, the reſults were conſiſtent 
with Sb ohſereations, and n. with 
Vall 20 PL {  them- | 
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wbemſelyes. But the,year before I had no oppor- 
tunity of purſuing theſe obſervations to the extent 
that 1-wiſhed, ſo that I could not tell in whagſtate 
the plants would finally leave the air; whereas now 
4 nachdem fully to, r 
this reſpect. 
On the 18th. of NS 8 
plants, growing in water, under a jar of ſtrong in- 
flammable air, and the 3d of June following; I 
found that it was diminiſhed about one third. Ex- 
amining it, I found it was but weakly inflammable. 
This plant had not room to expand itſelf, but ſtill 
it lived very well. On the 31ſt of the ſame month, 
there was no more than one third of the air re- 
maining in the jar, and it was ſtill ſlightiy inflam- 
mable. Owing to ſome accident or other, the 
plant had been dead about a week, after which time 
rn e nc pn $97 DR 
niſned. ONT 
1 eee 
ed: of 0 air, and on the gth of June it was re- 
duced one third more, and then I could not per- 
ceive chat there was any thing inflammable in it. It 
was alſo a good deal dephlogiſticated; for with two 
wal quantities of nitrous air the meaſures of the 
teſt were 1.6; ſo that, upon the whole, the growth 
of this plant in this kind of air had the ſame effect 
neee in water would have had, viz. 
2 2 diminiſhing 


340 | OBSERVATIONS ON Part I. 


diminiſhing it, depriving it of its inflamenabilizy 
and rendering it in ſome meaſure reſpirable. 

L had- another reſule exactly correſponding: [wich 
this. For on the gth of June I examined a quan- 
tity of inflanimable air, in which a willow plant had 
grown from the 26th of May; but in this caſe not 
more than about half the quantity was 'abſorbed, 
but part of the remainder fired with one exploſion, 
like a mixture of common and inflammable air; 
and applying the teſt of nitrous} air, the meaſures 
were 1.43, which is about that ſtate; of air in-whick 
« candle juſt goes out. On the th of June an- 
other quantity of this air, in which a willow plant 
ſame manner, and the meaſures of the teſt were 
1:44 3 . e eee eee 
appeared. 1 5 4 

* Another quantity of the ame kind of imme 
ble air, in which a willow plant had grown the 
ſame time, was reduced to one fixth of its original 
quantity. Ie chen exploded like a mixture of com- 
mon and inflammable' air, and the meaſures of the 
reſt were 1.3% It was examined on the gth of 
June. On the 1th of the fame month it was di- 
mable in it, but the purity was nearly the fame; 


: 
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In all the experiments that 1 made of this kind, 
the quantity of air abſorbed was very various, de- 
pending probably, upon the health of the plant, 
in ſize in-progortion ie that of the jar, and ocher' | 
_ circumſtances. 

| On the 24th of May 1 had introduced .one of 
theſe plants into a jar of inflammable air, colle&ed 
from the marſh near which I had gathered it; and 
on the gth of June I had found it ſo far diminiſhed, 
that little more than one ſeventh of the original 
quantity remained. This was merely phlogiſticated 
. ena From pep 
. „ er o 

Dn the 23th of Jain, Ib Wand beg bes dev qua 
tity of the dame Kind ef inflanmibletaintiowhdth 
a willow plant had grown from the fame date, was 
not diminiſhed near ſo much; for about one third 
of che original quantity was left. This, however, 
was partly inflammable, the flighteſt blue flame 
imaginable being perceived in à large jar of it. | 
When I applied the tet of nitrous av, the meaſures 


were 1.62, 

A fign of che great vigour of the plants grow- 
ing in inflammable air, was the vivid greenneſs not 
only of the leaves that were in the air, but of thoſe * 


that they continued ſo in - theſe. circumſtances; _ 
Wee 
| 23 in 
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in common air, the leaves that were 22 
ſoon became diſcoloured, and periſned. | 
leaves on the contrary, not weir 
but were always loaded with air bubbles, which 
were continually detaching themſelves, and riſing 
into the jar, having their places ſupplied by others. 
Theſe bubbles, I had no doubt, conſiſted of the air 
that had been ſtrained, as it were, through the plant, 
leaving its phlogiſton behind, for the nouriſhment 
of the plant. I endeavoured to collect a quantity 
of theſe bubbles, before they mixed with, and diluted, 
the inflammable air in the top of the jar, but I did 
not ſucceed. I have no doubt but that it would 
have been dephlogiſticated air, as this will eaſily 
account for the ſtate in which en nee 
the experiments recited above. 
It was doubtful, however, whether "oy bubbles . 
conſiſted of air that had been imbibed by the leaves, 
and then paſſed through a conſiderable ſpace within 
the ſubſtance of the plant, or of the air that had 
been contained in the water, to which theſe leaves 
had immediate acceſs. The latter ſeems more pro- 
bable from ſorne experiments, but the following 
are nearly deciſive in v favour of the Wan Hippo: 
Hirion, - * | 
I put the book pn od into an 1 
ed jar full of water, while the top of it was in a 
jar of inflammable air. In theſe circumſtances a 
Fe: EM ſmall - 
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ſmall quantity of air was collected in the inverted 
jar, and it was evidently, better than common air. 
This air I had obſerved to come from all the out- 
ſide of the ſtalk, but eſpecially from the places 
where the leaves had been broken off; and there 
were ſome few- bubbles from the middle of the 
place where the ſtalk nn mne 
no root. |, > 1 
in another cement uf this kind, mhen the r 
plant had been in the ſituation above deſcribed; 
from the 11th to the 14th of June, three fourths of 
an ounce meaſure of air was collected in the inverted: 
jar, ſo pure, that the meaſures of the teſt were o.63 
and with two meaſures of nitrous air 1.5. Apply- 
ing the flame of a candle at the orifice of a tube 
filled with it, there was a loud-exploſion, ſo that it 
EEE and n. 
bie a.. vd £507 
On the ef n bar a an ounce: 
meaſure more from the ſame plant; and apply- 
ing to it the teſt of nitrous air, the meaſures; were 
0.9, and there was nothing ſenſibly inflammable in 
it. Had there been nothing anflammable- in the 
the air collected in the inverted jar, containing the 
ſtalk of the plant, the probability would have been, 
that all the air came from the water, dephlogiſti- 


of inflammable air in it ſeems to Prove chat part of I 
a= it, 


cated by the action of the plant; but the mixture 


344 5 OBSERVATIONS ON "Par J. 


it, at leaſt, had been imbibed by, and ſtrained 
through the plant, entering at the leaves (which 
alone were expoſed to the inflammable ait) and 
iſſuing at the ſtalk, which was turned up into the 
other jar in which the air was received. This ſin- 
gular caſe, for it is the only reſult I ever had of the 
kind, ſhows that the plant had talen in more nou- 
riſhment than it could properly digeſt. 1061 
= This plant thriving ſo remarkably well in in lam. 
mable air, and depriving it of its inflammability, 
I thought. it could not well fail to purify phlogiſti- 
. cated air, if I gave proper attention to its health 
and: eaſe in its confined ſituation, though (perhaps 
through want of this attention) it had failed to do 
fo the — — 
ed in my expectations at this time. 
rr 
plants into a jar of air phlogiſticated by the putre- 
faction of fiſnes, confined by rain water, in which I 
had found by frequent trials, that the green veget- 
able matter was not ſoon generated; and on the 
26th of the ſame month, it was ſo much improved, 
that the meaſures of the teſt were 1.38, which is a 
little better than the ſtate in which air will juſt e- 
tinguiſh- a candle. The 3d of July, I examined it 
again, and then the meaſures were 1.32, and on 
the 1 fth of the ſame month, it was exactly of the 
ſtandatd of common air. The water by which it 
f Was 
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was confined certainly produced no ar: for another 
jar filled with water, in the ſame trough, and there- 
fore having preciſely the ſame expoſure with beſpect 


to light, and all other circumſtances, had no air at 
all in it. A very little air was:ſtrained through this 


plant, and it was pen an emer f 
for the meaſures of the teſt were 1.7. 


Nitrous air I have always found tobs fel.cae- 
getable, as well as to animal life, and ſo it proved. in 
this inſtance; as indeed it had done the preceding 
ſummer. From the 18th of May to the 18th of 
June, a quantity of this air was diminiſhed by a wil- 
low plant to one fourth, and then it was ſo changed, 
that it admitted a candle to burn in it with a gently 
blue enlarged flame; a ſtate which, -as 1 have 


fore it becomes mere phlogiſticated air, and 
| which appears to. be nitrous dr partially, dephle- 
giſticated. + 
Phlogiſton being the pabulum of plants nn 
probably of animals too, dephlogiſticated air muſt 
(as indeed I had found before) be unfavourable to 
to the growth of plants in general; and I conſtant- | 
| ly found it to be ſo in the caſe of the willow plant. 
To give it the fairer trial, I intreduced a ſmall, but 
healthy plant, growing in the marſn, into a jar of 
this air, ſo large that the plant was not in the leaſt 
incommoded, and it did not reach che top of the 
. Jar 


obſerved, ee 
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jar by ſeveral-inches. + This was done the öh O 


May, but it died preſently, and before the air was 
ſenſibly diminiſned; which was the caſe afterwards, 
owing, probably, to the putrefaction of the plant. 
But even then, being examined with two equal 
quantities EGG" OT pee of the teſt 
were 1. o. „ 1 
Having flled 2 ella pot with . 
and having ſticks thruſt into the earth quite round 
it, for the convenience of faſtening jars with their 
mouths inverted in water, in order to fill them with 
different kinds of air, and introduce plants into 
them, without the trouble of going to the marſh in 
in which they grew, as in Pl. VI. fig. 1; I filled one of 
theſe jars with dephlogiſticated air, and then intro- 
duced the top of a willow plant into it. In a day or two, 
all the part that was within the jar began to turn white, 
and was ſoon after manifeſtly quite dead, even when 
many ſhoots of the ſame plant that were under wa- 
ter continued green, and looked well a conſiderable 
time afterwards. The air, being examined, was 
found to be very little injured. I therefore think 
we may ſafely conclude, that dephlogiſticated air 
is univerſally hurtful to plants; and this, à priori, 
would be an argument in favour of the W wh 
of atmoſpherical air by vegetation. 
_ Having made the preceding experiments. on in- 
flammable air with the willow plant, I proceeded 
| E to 


to try a few other plants; 22 ſuch 
particular attention to theſe as thoſe of the willow 
plant, I ſoon found that comfrey, which is haity like 
the willow plant, and grows beſt in the ſame ſitua- 


tion, and alſo the meadow feveet grew very well in 
inflammable air. So alſo did — which 

was always remarkably healthy, and of a deep green 

colour, a certain ſign, I believe, of health and vi- 

gour in plants in general; whereas, in dephlogiſti- 

cated air, duck-weed wan n became Yu 

and died, 

| 
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SECTION I. 
Obſervations on Reſpiration, and the UJe of the Blood, 


HERE is, perhaps, no ſubje& in phyſiology, 
and very few in philoſophy in general, that 
has engaged more attention than that of the uſe of 
reſpiration. It is evident, that without breathing 
moſt animals OO e <a and it » uo 


„This Section was a 8 6 
read Jan. 25, 1776, and is printed in the Philoſophical Tranſao· 
tions, Vol. LXVI. p. 226, It will be perceived that when I made 
the experiments recited in this ſection, I ſuppoſed the phlogiſtica - 
tion, as I called it, of air, to be the effe& of phlogiſton, emitting 
by the phlogiſticating ſubſtance, and that I had no idea of the ab- 
ſorption of dephlogiſticated air, which was the diſcovery of Mr. 
' Lavoiſier, 


well 
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well known, chat the ſame air wil at Toole anſwer 


the purpoſe» for if it has been frequently reſpired, 
the breathing of it is as fatal as the total 
of air. But by what property it is, that air contri- 
dutes to the ſupport of animal life ; and why air 
that has been much breathed will no more anſter 
the purpoſe, ſeems not to have been diſcovered by 


any of the many philoſophers and phyſicians who | 


have profeſſedly written upon the ſubject; and it 
might have continued to ehade all dee? inveſtigation; 
when it diſcovered itſelf, without any trouble '6r 


thought, in the courſe of my reſearehes into the 


properties ent kinds of ir, which had'a firſt 
quite another object. ONTO” 

In theſe experiments it clearly appeared, chit re- 
ſpiration is a phlogiſttc procefs, affe&ting air in the very 
fame manner as every other phlogiſtic proceſs (viz. 
the efferveſcence of iron filings and 


it, di ing che quantity of it in a certain pro- 
portion, its ſpecific gravity, and rendering 
it unfit for reſpiration or inflammation, but leaving 
it in a ſtate capable of being reſtored to a tolerable 
degree of purity by agitation in water, &c. Hav 
ing diſcovered this, 1 concluded that the uſe of the 
lungs is to carry off a putrid efluvinm, or to 
charge that phlogiſton, which had been taken into 


x 


ſulphur, or the calcination of metals, &c.)" affect 
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the ſyſtem with the Aliment, and was bannen 28 it 
were, effete ; the air that is reſires Erving 0 
N menſiruum for that purpoſe. ; 24 34 29 Aged od 
What I then concluded to be the ode of reſpira-. 
tion in general, 1 have now, I think, proved to be 
effected by means of the blood, in conſequence of its 
coming ſo. nearly into contact with the air in the 
lungs ;. the blood appearing to be a fluid, wonder- 
fully. formed to imbibe, and part with, that prin- 
ciple which the chemiſts call phlogiſton, and chang- 
| ing its colour in conſequence of being charged with 
it, or being freed from it; and affecting air in the 
very ſame manner, both out of the body, and in the 
lungs; and even notwithſtanding the interpoſition 
of various ſubſtances, which prevent its coming 
into immediate contact with the air. 
As it may not be unpleaſing or unuſeful, I ſhall; 
before I relate my own experiments, briefly recite 
the principal of the opinions which have been held 
concerning the uſe of reſpiration, from Haller's ex- 
cellent /y em of phyſiology, and ſome other a; 1 
moſt eminent writers upon that ſubject. 
Fippocrates reckoned, air among the * 'of 
the body. But it was more generally the opinion of 
the ancients, that, there being a kind of vital. ſre 
kept up in the heart, the heat of the blood was tem- 
pered in the lungs. Galen alſo ſuppoſed, that there 
was ſomething equivalent to a fire conſtantly kept 


1 up 
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up in the heart; and chat the chief uſe of che lungs 
was to carry off ſuch vapours as were equivalent to 
ſmoke thrown off from that fire. Haller, Vol. III. 
P- 354. Deſcartes maintained the fame: vital fire 
in the heart, ſuppoſing that air neee 
cooling and condenſing the blood. Ibid. p. 321. 
Of the more modern phyſiologiſts, ſorne have 
thought that the air itſelf is taken into the blood ; 
others, that ĩt is only ſomething extracted from the 
air, as the more ſubtle parts g tant fluid, an ether, 
or aerial nitre; while others + ſuppoſe it to be 
the air itſelf, but diſſolyed in, water, and nnen 
in an unclaſtie ſtate. Bid. Dr A bo ; 
* :- Moſt of thoſe who think that air is wake 
blood; ſuppoſe it to be taken in by the lungs, ibid. 
p. 330. Some ſuppoſe, that, the effect of the ad- 
miſſion of ahis air into the blood i is a fermentation, 
p. 332. Others ſuppoſe; that it acts by its ſpring, 
preventing the too cloſe contact of the globules, and 
chereby preſerving its fluidity, inteſtine motion, and 
heat, ibid. Bertier ſuppoſed, that the circulation 
of che blood was, in a great meaſure, owing to the 
admiſſion of air into it. Van Helmont aſcribed the 
volatility of the fixed elements in the ſood to this 
air, p. 336; and Stevenſon thought, that the air: 
which had circulated in the blood, and which had ö 
heated che blood too mueh, was exhaled by the 
lungs, Sf! ior eee 4am 
A Others 
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Others ſay, that the air -irſelf is not admitted in- 
to the blood, but only ſome active, ſpirituous, and 
ethereal particles ; that this vital ſpirit paſſes from 
the lungs to the heart and arteries, and at length be- 
comes the animal ſpirits, which are by this means 
generated from the air, p. 333- Others, who do 
not admit that the animal ſpirits are derived from 
the air, ſtill fay that ſome other vital principle comes 
from thence. This vital principle Malpighius ſup- 
poſes to be a faline vapour; Liſter, a hot, inflam- 
mable, ſulphureous ſpirit; Vieuſſenius, a volatile 
acid ſalt, which keeps up the fermentation of the 
blood ; and Bryan Robinſon, the aerial acid, which 
preſerves" the blood from putrefattion ; | preſerves 
alſo its denſity, and ſtrengthens the animal fibres. 
For this reaſon he ſuppoſes it ĩs that we feel ourſelyes 
refreſhed in cold air, as it abounds with a more 
plentifubacidquality, P. 334. They who ſuppoſe 
chat nitre is taken from the air into the blood, aſcribe 
dd that principle its fermentation, rere —_ its 

n „ 

It is a received opinion, that be Das 
is to atenuate the blood, p. 359 and Malpighius 
adds, that by this means, che different particles of 
the blood became thoroughly mixed together; while 
others think that. the blood is condenſed in the 
lungs'# and others, that the globules, and all the 
ner 588 receive their configuratioſ there, 

| ibid. 
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in. Some, withour corifidering the Air 10 of 'any 
other uſe than to pur che | lungs in motion, , thihk; 
that heat is produced in the lungs'by the atiritibn us 
the blood in paſſing through chem, Mit: Tarn 
Vol. V. p. 36. The red colour of the blood has 
been thought by ſome to be Ccauſed by this attrition 
in the lungs ; but Lower refured this notion, "chiefly 
by obſerving, that the attrition of the blood is greats. 
er in the muſcles, from which, ee 11/always 
returns black, ibid. Vol. I. p. 4. 
Dr. Whytt thought there was domebing of A W 
and ſti mulating nature derived from the ait into the 
blood, by means of which ir made Wenden pp. 
aner? Haller, Vol. III. p. 336. nid 10 
Boerhaave ſays, that air not changed isdn dl 
not on account of heat, rarefraction, or denſity, but 
er deere e | 
Pb! | os Sim 931 l 
Dr. Hales, iis as vena dobro bake ws. 
on the dectrine of air than all his predereſſors, was 
equally ignorant of the uſe of it in tefpiration 3 ani 
at different times ſeems to haye 1 W e 
— concerning t;9'"" 01 e et e, 
In his Statice! Ep, Vol. 11. WE POT FH Fg | 
poſes, that air is rendered alkaline by:+breathing, 
andicorreted, in ure. RY wearer of : 
vinegur. + N 1 . 
Vor. III. A a | In 
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In agreement, as he obſerves, with Boerhaave, 
he ſays, Pe 100, that the blood acquires its warmth 


chiefly in the lungs, where it moves with much 
greater rapidity than in any other capillary veſſels of 
the body, Vol. II. p. 87 ; but that one uſe of the 
air is to cool the blood, p. 94; and he makes an 
eſtimate of the degree of this refrigeration. The 
red colour of the globules of blood, he ſays, p. 88, 
intimates their abounding with ſulphur, which makes 
them more ſuſceptible and retentive of heat than 
thoſe bodies which have leſs of it. Den | 

He alſo ſuppoſes, p. 102, that another itn 
of the lungs is to attenuate and ſeparate the globules 
of blood; and that the floridneſs of the arteria! 

blood above the venal may, in a good meaſure, be 

owing to the ſtrong agitation, friction, and commi- 
nution, which it undergoes in paſſing through them. 
In like manner, in an experiment which, he , made 
for the purpoſe,” blood much agitated in acloſe glaſs 
veſſel was obſerved to be very florid; not only on 
its ſurface, but through its whole ſubſtance, as arterial 
blood is, Vol. II. p. 102. I would obſerve, how- 
ever, that in this experiment, the blood muſt have 
acquired its A tur: ne a ER it 
W | 

- He adds, that it is probable that the klngilons 
in the lungs, receive ſome other 1 ire influence 


from 
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from the air; Which is in fuch great quantities i in- 
ſpired into them. In other places, however, he 
explodes the doctrine of a vivifying ſpirit in the air. 
It has long, he ſays, been the ſubje& of inquiry to 
many, to find of what uſe it is in reſpiration; which, 
though it may in ſome reſpects be known, yet it 
muſt be confeſſed, that we are ſtill much in the 
dark about it, Vol. II. p. 12. 

Suffocation, he ſays, Vol. II. p. 271, conſiſts 
chiefly in the falling flat of the lungs, occaſioned by 
the groſſneſs of the particles of a thick noxious air, 
they being; in that floating ſtate, moſt eaſily attract- 
ed by each other, as we find that ſulphur, and the 
_ elaſtic repelling particles of air are; and conſequently 
unelaſtic,  ſulphureous, ſaline, and other floating 
particles, will moſt eaſily coaleſce, whereby they are 
rendered too groſs to enter the minute veſicles, 
which are alſo much contracted, as well by the loſs 
of the elaſticity of the confined air, as ,by the .con- 
traction occaſioned by the ſtimulating acid ſulphure- 
ous vapours. And hence it is not improbable, that 
one great deſign of nature in the ſtructure of this 
important and wonderful vi/cus, was to frame the 
veſicles ſo very minute, thereby effectually to hin- 
der the ingreſs of groſs, feculent particles, which 
might be injurious to the animal economy. 

Laſtly, he concludes, that the effect of reſpiration 
is toabate, and in part deſtroy, che elaſticity of the 


SS. air; 
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air; des this was effected by ſulphureous vapours, 
and he could breathe for a longer time air that had 
paſſed through cloths dipped in a ſolution of ſalt of 
tartar; he concluded, that the air had been mended 
by the tartar having ſtrongly imbibed the ee 
reous, acid, and watery vapours, Vol. I. p. 267. 
aller, after reciting the opinions of all thathad 


gone before him, ſuppoſes, with Dr. Hales, that, 


in conſequence of the air loſing its ſpring in the lungs, 
they cannot be kept dilated ; and therefore, they 
müſt collapſe, and the circulation of the blood be 
impeded, Vol. III. p. 258. When he ſtates his * | 
mon concerning the - uſe of the lungs more fully, he 
Nys, that the true uſe of them is. partly inhaling, and 
partly exhaling, p. 351. That the lungs inbale both 
water and air; but that in the lungs the air loſes its 

elaſtic property, ſo as to be eaſily ſoluble in water or 
vapour, p. 35 2, and he thinks it probable, that this 
ar ſerves as a cement to bind the earthy. parts tage» 
ther. He alſo makes no doubt, but that various 
other matters, miſeible with wuter, are inhaled by 
the lungs; and he even thinks it not improbable, 
that the air may carry ſome electrie virtue along 
With it. The principal evbaldtion of the Jungs, he 
thinks, to be water, abounding with oily, volatile, 
and ſaline principles; and thieſe oily and fetid va. 
pours, he thinks, to IP of Galen and 
Be? ancients, p. 354 7 TIBQ al e ee 8 
8 . 


- 
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Mir. Cigna of Turin has given much attention to 
this curious ſubject, as appears by two memoirs of 
his: one in the firſt volume of the Miſcellanea Tauri- 
nenſia, in which he very well accounts for the florid 
red colour of the blood; and the other, which is a 
much more elaborate Memoir, intitled, De Reqpira- 
tione, in the fifth volume of the ſame work, juſt 
publiſhed, or about to be publiſhed; the copy of 
the article. having been ſent to me by the author; + 
He takes it for granted, that air which has once 

been-breathed is unfit for farther reſpiration, ow no 
| other account than its being loaded with noxious 1d- 
pours,” which diſcover themſelves by a fetid finell; 

Miſc.” Taurin. Vol V. p. 30. And he takes it for 
granted, that the elaſticity of air is diminiſhed by 
reſpiration, though he does not conſider that 'dimi- 
nution of elaſticity as the cauſe of its noxious qua. 
lity. He therefore concludes, that air which has 
been breathed, ſuffocates by means of the irrita - 
tion which it occafions to the lungs, by which tht 
bronchia, and the lungs themſelves, are contracted 
ſo as to refit the entrance of the air; and there 
fore, that reſpired air is noxious on the fame ac+ 
count as. mephitie vapours, or thoſe of burning 
ſulphur, p. 31; that, in frequently breathing the 
ſame. air, it becomes ſo loaded with theſe vapour, 
aue excite a convulſion in the lungs, and thereby 

A a 3 W render 


| 
| 
| 
i 
| 
J. 
ö 
1 
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render them unfit for tranſmitting the blood, p. 
. wr: e 2 
This philoſopher ſuppoſes that air enters the pores 


8 of the blood, retaining its elaſtic power, p. 50, and 


that i it continues at reſt there, becauſe its endeavour 
to eſcape is counteracted by the equal preſſure of the 
ambient medium, p. 52. This air, he ſuppoſes to 
be introduced into the blood by the chyle, and ne- 
ver by the way of the lungs, except when, by ſome 
means or other, the equilibrium between the air 
in the blood and the external air is loſt, p. 57. If 
the external air be rarer than the internal, the air in 
the blood, expanding itſelf, will inflate the animal, 


and have the * , air 5 into the 


veins. 
What we are chiefly Wand to M. Cigna a 0 


his deciſive experiments with reſpect to the florid 


colour of the blood, which he clearly proves to be 


cauſed by the contact of air; though he afterwards 


ſeems willing to deſert that hypotheſis. It was of- 
ten imagined, that the reaſon why the lower part of 


a quantity of blood was black, while the ſurface was 


red, was; that the black particles, being heavier 
than the reſt, ſubſided to the bottom; but this opi- 


nion our author clearly refutes. He found, that 
when he put a little oil upon a quantity of blood, it 
remained black throughout; ; but that when he took 


away 
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away the red part, ind expoſed to the air the lower” 
laminæ, which were black, they alſo became ſucceſ- 
ſively red, till the whole maſs acquired that colour. 
Miſe. Taurin. Vol. I. p. 73. Alſo, at the. requeſt 
of M. Cigna, father Beccaria tried what would: be 
the effect of expoſing blood in vacuo ; and he found, 
that in thoſe circumſtances, . it always continued 
black; but that, ee eee 
became red, p. 68. 33 296 

M. Cigna concludes his fiſt dilertation with ob- 
ſerving, that it is not eaſy to ſay how it comes to 
paſs, that the lower part of a maſs of blood becomes 
black, whether by the air which it had imbibed 
eſcaping from it, or by its depoſiting ſomething ſa- 
ine, neceſſary to contribute to its. redneſs, or by 
the preſſure of the atmoſphere, ; but he inclines to 
between the globules, preſerves its redneſs; but that 
by concreting it is expelled from it, or becomes ſo 
fixed as to. be, incapable of making it red. This 
opinion, he thinks, is rendered in ſome meafure 
probable, by the increaſed denſity of concreted blood, 
nc; the: canton of wir Boot ache GE: 
creſcent ſtate, p. 74. 0 

Norwithſtanding what he had adianced in left 
Memoir, yet in the ſecond, which was written ſe- 
veral years after it, he rhe VT OO POE | 
of colour in the blood takes place inthe lung: but 
| Aa 4 
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i does, he inolines to aſcribe this effect to the 
 #0aporation from the blood in the lungs: and though 
be always found, that the colour of the blood was 
changed by the contact of air, yet when he conſider. 
ed that evaporation; muſt, as he thought, neceſfarily 
attend the contact of air, he imagined, that this ef. 
ſecd miglu equally be attributed to this circumſtance, 
. Huthe acknowledges, that this hypotheſis ought not 
to be received till it be confirmed GON 
Miſc. Taurin. Vol. V. p. 1. 
Upon the whole, he concludes, that the prinign 
uſe of air to the Hood; is to preſerve the equilibrium 
with the external air, and to prevent the veſſels from 
being rendered unfit to tranſmit the blood, on ac- 
count of the external preſſure; whereas, by means 
of tho air they contain, the fluids move in their pro- 
per veſſels as freely as in vacuo; and the membranes 
and viſtera alſo cafily fide dver each other, p. 63. 
And with reſpect to the uſe of the lunge, ſince be 
unagined that air is not introduced into the blood 
by teuns of them, he thinks, that becauſe ſuch 
kings as thoſe of man are given to the warmer ani - 
mals only, che chief uſe of refpiration is exhala- 
tion, and conſequently the cooling! os the e 
p. 65. 1 Ann 
The laſt writer whom I ſhall quote upon this 
fubje@ is the late ingenious Mr. Hewſon ; who fays, 


in his Sxptrimental ini into the Properties of Blood, 
P. 9» 
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p. 9, „As the colbur of che blood is changed by 
c air out of the body, it is preſumed, that the air 
« in the lungs is the immediate cauſe of the ſame 
change in the body.“ That this change is-really 
produced in the lungs, he is perſuaded, he fays, 
from experiments, in which he diſtinctiy ſam the 
blood of a more florid red in the leſt auricle aſ the 
heart, than it was in the right; but how: this effect 
is produced, he ſays, is not yet determined. 

Since ſome of the neutral falts, and particularly 


nitre, have a ſimilar effect on the colour of the 


blood; ſome, ſays he, attribute this difference to 
the nitre abſorbed from the air, while in the lungs, 
But this, he adds, is a mere hypotheſis; for: air 
contains no nitre, and molt of the ee eee . 
duce the ſame effect in ſome degree. | 
After this review of the obſervations Sutoplnidhs 

of others on this important queſtion in phyſialogy, 
I ſhall proceed to recite my own. It may appear 
fomething extraordinary, that among ſuch a variety 
of opinions concerning the uſe of reſpiration; the 
right one ſhould never have been fo much as con- 
jectured, though unfupported by the proper proof. 
But indeed, this animal function, and the ꝓhlogiſtie 
proceſſes in chemiſtry, eſpecially that of the cal- 
cination of metals, which is, perhaps, the moſt ſim- 
ple of them, are to appearance very different things; 
and therefore, it is the leſs. yo be wondered, that no 
wy py perſon 
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perſon ſhould have- imagined, they would produce 
| the ſame elfe@&vnithe it in which __—_ were” per- 
formed. % 
That reſpiration, however, is, in — a true 
phlogiſtic proceſs, cannot, I think, admit of a doubt, 
after its being found, that the air which has ſerved 
for this purpoſe is leſt in preciſely the ſame ſtate 
as that which has been expoſed to any other phlo- 
giſtic proceſs. And ſince all the blood in the 
body paſſes through the lungs, and, according 
to Mr. Hewſon's obſervations and others, the re- 


markable change between the colour of the venal 


and arterial blood takes place there, it can hardly 
be doubted, that it is by means of the hood that 
the air becomes phlogiſticated in paſſing through 
the lungs: and therefore, that one great uſe of the 
blood muſt be to diſcharge the phlogiſton with 
which the animal ſyſtem abounds, imbibing it in 
the courſe of its circulation, and imparting it to the 
air, with which it is nearly brought into contact, 
in the lungs; the air thus * as the n men- 
ſtruum for this purpoſe. 

Though I had no doubt concerning this conclu- 
ſion from my former experiments, I thought fo 
great a problem deſerved as much illuſtration as 
could be given to it; and therefore I was willing 


do try, whether blood was of ſuch a nature, as 


to retain any of this power of affecting air when 
congealed, 


f 
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| congealed, and out of the body, that it has when it 
is fluid, and in the body; . 
fully anſwered my expectations. j 

' Having taken the blood of a ſheep, and let it 
ſtand till it was congulated, and the ſerum was ſe- 
parated from it (after which the ſurface, being ex- 
poſed to the common air, is well known to aſſume 
a florid red colour, while the infide is of a much 
darker red, bordering upon black) I introduced 
pieces of the craſſamentum, contained in nets of 
open gauze, or of wire, ſometimes through water; 
and ſometimes through quickſilver, into different 
kinds of air, and always found that the blackeſt 
parts aſſumed a florid red colour in common air, 
and more eſpecially in dephlogiſticated air, which ia 
purer and more fit for reſpiration than common 
air (and accordingly the blood always acquired a 
more florid colour, and the change was produced 
in leſs time in this than in common air) whereas 
the brighteſt red blood became preſently black in 
any kind of air that was unfit for reſpiration, as in 
fixed air, inflammable air, nitrous air, or phlogiſti- 

cated air; and after becoming black in the laſt of 
theſe kinds of air, it regained its red colour upon be- 
ing again expoſed-to common air, or dephlogiſticated 
air; the ſame pieces becoming alternately black and 
. red, by being transferred from F to de- 
| phlogiſticated air; and vice verſa, 


” 
» 
= — 

: D 


the membrane of the lungs, as well as phlogiſton 
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In theſe experiments the blood mult have parted, 
with is phlogiſton to the common air, or dephlo- 
giſticated air, and have imbibed it, and have be- 
come ſaturated with it, when expoſed to phlogiſti- 
cated, nitrous, inflammable, or fixed air. The 
only difficulty is with reſpect to the fixed air; for 
all the other kinds certainly contain phlogiſton. But 
as there are, perhaps, no examples of any ſubſtance 


bſing one principle, without at the fame time ac; 


quiring another; and in other experiments both 


inflammable and dephlogiſticated air act upon each 


other through a bladder, the acidifying principle of 
dephlogiſticated air may enter the blood through 


ſrom tke lungs unites with Apbügeides aal ar in 


them and fo form fixed are. 


The blackneſs. of the blood may ariſe .from er : 
255 than its acquiring phlogiſton. Gaber, for 
inſtance, obſerves, that blood becomes bleck when 
it begins to putrefy, as it does alſo. whenever it is 
dried and hardened near the fire. Father Beccaria 
alſo found, as I have obſerved, that red blood con- 
tinued (and he could hardly fail to obſerve alſo, that 
it Jecame) black in vacuo, where it could not have 
imbibed phlogiſton. This I found to be the caſe 
when the blood was covered two inches and a half 


That thisis actually the caſe, appears by the experiments of 
Dr. Goodwin, and ſome that I have made fince the publication of 


this paper, and which will be recited hereafter. But I had not this 
with 
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Wich um; tr regained is hend eden when 


i was expoſeti to che open air. 

In general, however, it cannot 4 capeced, a 
when blood has become black without having re- 
ceived phlogiſtion ab extra, it will recover its florid 
colour by being expoſed to the air. For the deli» 
cacy of its texture, and conſequently its capacity of 
being eaſily affected by phlogiſton, may be eſſen- 
tally altered by internal cauſes of blackneſs. This 
is even the caſe when blood has become black by' 
being expoſed to nitrous and inflarrimable ait: — 


this ET ee e be Bt i by 


1 — of ih me wth of Wore 
to theſe two kinds of air, and alſo to fixed air at the 
Ame time. They all beeame black; but that 
which was in the inflammable air was the leaſt ſo, 
and none of them recovered their florid colour in the 
open air. But at another time, a piece of craſſa 
mentum, which Had become black in fixed air, 
did, in ſome meaſure, and very ſlowly, recover its 
florid' colour in dephlogiſticated air. Pertaps the 
pieces that had loft their colour in the gu 
inflammable air might bare recovered ie by mea 
of this more powerfal menfttuum. "| 1 

Since, however, blood, after becomirig black ih 


phlogiſticatet air, is always einer 44 :, 


red colour - on being again expoſed ro pure air, it 
be coneladec „an the preceding blitkkeks 
diſ- 
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diſcharged in the pure air, and producing the con- 
ſtant effect of phlogiſton, in depraving the air, was 
owing to the phlogiſton it had imbibed in the for- 
. ſituation, and which it parted with in the lat- 
And this is remarkably the caſe when blood 
is pr from phlogiſticated into dephlogiſti- 
cated air. Even the circumſtance of the deeper 
colour is ſufficient to give a chemiſt a ſuſpicion that 
it contains more philogiſton than vines of a lighter 
colour, 
When I had found how readily pieces * blood 
changed their colopr, according to the quality of 
the air to which they were expoſed, proceeded to 
examine the ſtate of that air, in order to obſerve 
what change had taken place in it; and as dephlo- 
giſticated air admits of a more ſenſible change of 
quality than common air, I gave it the preference 
in this experiment; putting a piece of craſſamen- 
tum, about the bigneſs of a walnut, into the quan- 
tity of about five ounce. meaſures of this air. 
This proceſs I continued for the af 
four hours, changing the blood about ten or twelve 


times; after which I found the air fo far depraved, 


that whereas, at the beginning of the experiment, 
one meaſure of it and two of nitrous air occupied 
the ſpace of no more than half a meaſure, the 
ſame_ mixtures afterwards occupied the ſpace; of 
a meaſure and a half. Now ſince air is univer- 


_ ally * by 1 and in this ſenſe, 
1 believe, 
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1 believe, by. nothing elſe, it is evident, that 
this black blood muſt have communicated phlo- 
giſton to the air; and conſequently its change of 
colour from black to a florid red muſt have been 
occaſioned by the ſeparation of phlogiſton from it. 
The next day, when, of courſe, the blood was 
' nearer to a ſtate of putrefaction, in which every 
kind of ſubſtance, without exception, will. injure re- 
ſpirable air, I put a quantity of red blood, tinged - 
in a few places with black, which I could not caſily 
ſeparate from it, to about the ſame quantity of the 


fame dephlogiſticated air, and ſuffered it to ſtand, 


without changing, for the ſame ſpace of time; when 
it was ſo little injured, that the meaſures above- 
mentioned occupied the ſpace of andy oY thirds of 
a meaſure, - | 
That blood has l dle, 
from air, as well as imparting phlogiſton to air, I 
ſatisfied myſelf by expoſing blood of a very beauti- ; 
— florid colour to nitrous air, inflammable air, 
and phlogiſticated air. The two firſt mentioned 
kinds of air were conliderably diminiſhed by the 
proceſs, which was continued two. days, during 


which eee eee 
fix times. 


- The nitrous ar, by this means, loſt a great pro- 
portion of its power of diminiſhing, that is, phlo- 
giſticating, common air. For now two meaſures 

of 
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of common air and one of this oocupied. the ſpace 
of two meaſures and a quarter, inſtead ,of one mea. 
fore and three fourths. The inflammable dir, 
though ſtill inflammable, was rendered in ſome de- 
gree wholeſome by; the proceſs; being, aſter this; 
conſiderably diminiſhed; by nitrous air, which is a 
ſtate to which it is brought by agitation in water; 
and which, continued” longer, deprives it of its in- 
flammability likewiſe; It cannot be doubted, there- 
fore, but chat, in both theſe caſes, the red blood, 
by becoming ee received -es from theſe 
two kinds of ar. geen tet 
With reſpect to che phlogifticacd air, I ohly 
obſerved that, after a few hours expoſure to the 
red blood, it was ſenſibly, but not much, diminiſh- 
ed by nitrous air; which otherwiſe it would not 
have been in the leaſt degree. This blood, how- 
ever, us of the lighteſt colour; that is, according 
to my hypotheſis, the moſt free from phlogiſton, of 
any that I have ever ſeen; and I have tried the 
ſame thing, without ſueceſs, with blood f a leſs 
florid colour, though as florid as the oommon air 
could make it. But it ſhould be confidered; that 
the proper function of the blood is not to receive 
phlogiſton from air (not meeting with. any phlo- 
giſticated air in the courſe of ĩts circulation) hut to 
communicate phlogiſton to air; and; therefore, there 
is by no means the ſame reaſon to expect, that air 
| i will 
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eee 14. as that ir will bei in- 
jured by black blood. i 

It may be objected to this bebe, bensemidg 
the uſe of the blood, that it never comes into actual 
comact with the air in the lungs, but is Teparated 
from it, though as Dr. Hales ſtates it, at the diſ- 
tance of no more than a thouſandth part of an inch. 
The red globules alſo ſwim in à large quantity 
of Ar dus g is a nne W ge 
ture. 

Abe afvertain the eff of theſe e 
ſtances, I took a large quantity of black blood, and 
put it into a bladder moiſtened with a little ſerum, 
and tying it very cloſe, hung it in a free expoſure 
to the air, though in a quieſcent ſtate; and the next 
day 1 found, upon examination, that all the lower 
ſurface of the blood, which had been ſeparated from 
the common air by the intervention of the bladder 
(which is an animal membrane, ſimilar to that 
which conſtitutes the veſicles of the lungs, and is 
at leaſt as thick) and likewiſe: a little ſerum, had 
acquired! a coating of a florid red colour, and a8 
thick, I believe, as it would have actquired, if it 
had been immediately expoſed to the open air: ſo 
that this membrane had been no impediment to 
the astion of the air upon the blood. In this caſe 
it is evident to obſerve, that the change of colour 
could not be owing to cvnpα ation, as Mt. Cigna 
Vox. III Bb con- 
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conjectures. This experiment- I repeated, without 
previouſly A Dt the CW and * the =_ 
ame reſult. 0 W 


I obſerved Ces when 3 
the craſſamentum, and leſt the remainder in · the 


veſſel with the ſerum, not only chat part of the ſur- 


face which was expoſed to the air, but that which 
was ſurrounded with ſerum, and even covered with 

it to the depth of ſeveral inches, acquired the florid 
colour ; ſo that this deep covering of ſerum, which 
muſt have effectually prevented all evaporation; was 
no more an impediment to the mutual action of 
the blood and the air, than the bladder had been. 
The ſerum of the blood, therefore, appears to be as 
wonderfulhy adapted to anſwer its purpoſe, bf 2 
vehicle. for the red globules, as the red glabules 


ing its florid colour; and M. Cigna found that this 
was the caſe when it was covered with oil. 


rum; anct mat the ſerum itſelſ, chat gives the florid 
colour to the blood, is clearly aſcertained by the 


ſollowing experiment. I took two equal portion 


of black blood, and put them into equal cups, con- 
taining equal quantities of ſerum, which covered 
them to the depth of half an inch. One of theſe 


e n 
placed 
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placed under an exhauſted receiver, the former pre- 
ſendy acquired a florid colour, while the other con- 


r Being 


taken out of the receiver, it ſtood all night in the 
open air without becoming red, and continued — 
ever aft; even when the ſerum was poured off. 

I allo more completely fitioied myſelf of the ins 


| Buence of the air upon the blood, through a body | 


of ſerum, by the reverſe of this experiment, For 
I found that red blood became black through 
the depth of two inches of ſerum, when the veſſel 


containing it was expoſed to phlogiſticated air; ſo 


that the red globules of the blood both receive, and 
part with phlogiſton by means of the air, notwith- 


re e e Sober 


Aujd in which they naturally font. fs 

It ' muſt not, however, © Mt can 
that" blood becomes black by imbibing phlogiſton | 
ab extra; For if time be given for it, this change 
of colour may ariſe from internal cauſes, as from 
putrefaction, even when blood contains the leaſt 


ptlogiſton poſſible. 


quantity of perfectly florid coloured blood, and 
putting it into a clean 'glaſs tube, ſealed it hermeti- 


cally; when 1 found chat, notwithſtanding it was 
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And another quantity, kept in the ſame manner, 
but in a warm place, became black much ſooner. 
Except ſerum, milk is the only animal fluid that 
I have tried; through which the air can act upon 
blood: for black blood became red when it was 
plunged in milk, in the ſame manner as if it had 
been covered with ſerum. In urine, indeed, black 
blood becomes; inſtantly red ; but this is not owing 
to the action of the air, through the urine, but to 
the ſaline nature of that fluid, This makes it pro- 

bable that the redneſs of the blood is. owing not 
only to its parting with phlogiſton, but to. imbibing 
the ais n from ts: ge 


air. 

In 1 care muſt 1 to diſtinguiſh 
the floridneſs with which ſome detached parts of a 
quantity. of blood are tinged, from that which pene- 
trates the ſolid parts of it. In ſaliva, and in water 

impregnated with alkaline ſalt, fixed or volatile, and 
alſo in ſpirit of wine, the extreme angles and edges 
of pieces of craſſamentum, and ſmall detached parts, 
floating in thoſe liquors, will appear of a very florid 
red, while the compact maſs of blood continues 
dark. The florid colour of the prominent and 
detached parts, in theſe caſes, ſeems to be the mere 
effect of the minute diviſion of the parts of the craſ- 
A: = 
4 an * 
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when at the ſame time it has no ſuch effect on 
thoſe parts which remain compact, nor has the air 
the leaſt * of Og on the _ Rs 
Bauer. 

I had An dne 18 e bed 
more phlogiſton than red blood, that difference 
would have appeared in the air produced from them, 
either by being ſimply diſſolved in ſpitit c of nitre, 
or when dried and made into a patte with that acid. 
But the difference was too fmall to be ſenſible to 
this kind of teſt. For this purpoſe, however, Ichad 
ſome blood drawn from the vein of a ſheep, and 
alſo took ſome that came firſt after killing it, "as 
the butchers uſually do, by. dividing the carotid ar- 
tery; but though I diſſolved the black part of the 
former, and the red part of the latter, in equal quan- 

tities of the ſame ſpirit. of nitre, I found no ſenſible 
difference in the air that they yielded. The air 
that I got from them when dried, and made into 
a paſte with ſpirit of nitre, was likewiſe equally in- 
diſtinguiſhable. The quantity of air from this pro- 
ceſs was very great, and was produced irregularly, 
as I have obſerved it to have been when produced 
by a ſolution in ſpirit of nitre without drying. Half 
of this produce was fixed air, and the reſt phlogiſti- 

cated, except that a candle burned in it with a lame | 

bent blue flame. It is evident, however, from this 
| experiment, that even the moſt florid blood con- 

| | Bb3 tains 
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tains a conſiderable quantity of phlogiſton; for, 
otherwiſe, oor air would have: been dephlogit 

catec. 
I would conclude this paper wich The chai 
I have found a very great difference in the conſtitu- 
tion of blood with reſpect to its property of being 
affected by the influence of the air; fome becoming 
very ſoon: of a light florid colour, and the ftratum 
of this colour ſoon growing very thick ; whereas, 
in other caſes, the colour of the blood in the moſt 
favourable circumſtances, has continued much dark- 
e go HP r 

As che principal uſe of the blood ſeems to be 
derived from its power of receiving and diſcharging | 
phlogiſton, and the degree in which it poſſeſſes 
this power is eaſily aſcertained by the eye, it might 
not, perhaps, be unworthy of being particularly at- 
tended to by phyſicians. To eſtimate the good. 
neſs of blood, according to this criterion, n 
is requiſite but to obſerve the lightneſs of the colour, 
and the depth of the light coloured ftratutn, after it 
has been expoſed to the air for a given time. In 
caſes in which the blood is unuſually black, and but 
little affected by common air, it ſhould ſeem, that 
breathing a purer air might be preſcribed with ad- 


13 


"Bb 
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In general, the blood that I have been able to 
procure in the city has not been ſo good as that 
which I have got in the country; owing, perhaps, 
nr ee en 
ann eee | 
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' 994 ration, any 
THEN 1 wrote the — on the we! 
ject of Ryſpiration, recited in the preceding | 
ſection, I ſuppoſed that in this animal proceſs there 
was fimply an emiſſion of x from the 
jungs. But the refult of my late experiments on 
the mutual tranſmiſſion of dephlogiticar air, and 
of inflammable or nitrous air, through a moiſt blad- 
der, interpoſed between them, and likewiſe the opi- 
nions and obſervations of others, ſoon convinced - 
me, that, beſides the emiſſion of phlogiſton from 
the blood, dephlogiſticated air, or the 
en is at the fame time redeived into the 

B b 4 | blood, 
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blood. Still, however, there remained a doubt 
how. much of the dephlogiſticated air, which we 
inhale, enters the blood, becauſe part of it is em- 
ployed in forming the iu air, which is the pro- 
duce- of reſpiration, by its uniting wich the phlo- 
giſton diſcharged from the blood. For ſuch, 1 
take it for granted, is the origin of that fixed air, ſince 
it is formed by the combination of the ſame prin- 
ciples, in other, but exactiy ſimilar, circum- 
ſtances, _ 

Dr. Goodwyn's very ingenious obbryations prove 
that dephlogiſticated air is, as he properly terms it, 
conſumed in reſpiration ; but for any thing that he 
has noted, it may be wholly employed in forming 
the fixed 5 air above-mentioned. He has proved, | 
indeed, that the application of deplogiſticated air to 
the outſide of a vein, will change the colour of the 
blood contained i in.it, But this might have been 
effected, as I firſt ſuppoſed, by the ſimple diſcharge 
of phlogiſton from the blood, when it had an oppor- 
tunity of uniting with the dephlogiſticated. ajr thus 
preſented to it. He does not, however, ſeem to 
ſuppoſe that there is any phlogiſton diſcharged from 
the blood in the act of fies, but only t that de- 
phlogiſticated | air enters into it. But chat my for- 

mer ſuppoſition, as well as his, is true, will appear, 
I preſume, from the e c ſhall pre- 
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As, in order to determine what proportion of 
the deahlogilticated air, deſtroyed by reſpiration, 1 1s 
employed in forming the fixed air which is the pro- 
duce of it, it was neceſſary to aſcertain as exactly as 
poſſible, the proportion of dephlogiſticated air and 
of phlogiſton, in the compoſition of fixed air, I re. 
peated, with particular care, experiments — 
to thoſe n __ er en for that pur- 

poſe. 90 e's 1 0 0 n 
. Wass rebel W 5 in 41 o. m. of de- 
phlogiſticated air, of the ſtandard of o. 3 3, till it was 
reduced by waſhing in water to 8 oz. m. of the 
ſtandard of 1.33. Again, I heated charcoal of cop- 
per in 40.5 O2. m. of dephlogiſticated air, of the 
ſtandard of o. 34, till it wag reduced to 6 o. m. of the | 

ſtandard of 1.76; and in each. of theſe caſes there 
was a loſs of 6 grs. of the charcoal of copper, ſo 
that there cannot be more than 6 grs. of phlogiſton 
in 33 oz. m. of fixed air; and conſequently that 
only a very little more than one fourth of the wight 
of fixed air is phlogiſton. 

I heated perfectly well burned dl 8 
in 60 oz. m. of common air, and found one fifth of 
the remainder to be fixed air, and the reſiduum of the 
ſtandard of 1.7, Laſtly, I heated eight grains and a 
quarter of perfect charcoal in 70 o:. m. of dephlogiſti · 
| cated air, of the ſtandard of o. 46, when it ſtill continu- 
7 *. m. but after waſhing in water, it was reduced 

| to 
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to 40 O2. m. of the ſtandard of 0.6, and the char. 
coal then weighed one grain and a quarter; fo that 
from this experiment with common charcoal, as well 
as from the preceding with charcoal of copper, it ap- 
pears that about one fourth. of the weight of fixed air 
is phlogiſton, and confequently nth” bans e 
fourths are dephlogiſticated air. 

Having done this, J proceeded to aſcertain buy 
much fixed air was actually formed by breathing a 
given quantity both of atmoſpherical and of de- 
phlogiſticated air, in order to determine whether 
any part of it remained to enter the de alder 

forming this fixed air. 

Fü pape i drenbebin 200-057 m. 0 
moſpherical air, of the ſtandard of 1. oa, till it was 
reduced to 71 oz. m. and by waſhing in water, to 
65-0z, m. of the ſtandard of 1,45, When the com. 
putations are properly made, as directed in a for- 
mer article, it will appear, that before the proceſy 
this air contained 67.4 o. m. of phlogiſticated air, 
and 32.6 0z, m. of dephlogiſticated air; that aſter 
the proceſs there remained -5 3.105 02. m. of phlo- 
giſticated air, and 11.8 95 0z. m. of dephlogiſticated 


dir, and that there were only 6 oz. m. of fixed air 


produced, for the quantity abſorbed during the pro- 
ceſs could only have been very inconſiderable, It 
will therefore be evident, that, in this experiment, 
20.7 o. m. of dephlogiſticated air, which would 

weigh 


d. 
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weigh 12:42 - grs. diſappeared ; whereas all the 
fixed air that was found would only have weighed 
4-4 grs. and one fourth of this being phlogiſton,” the 
dephlogiſtated air that entered into it would have 
weighed only 3.3 grs. conſequently 9.12 grs. of it 
muſt have entered the blood, which is three times 
as much as that which did not enter, but was em- 
ployed in forming the fixed air in the luns. 
I breathed in 100 o. m. of dephlogiſticated air, 
of the ſtandard of 1. O, till it was reduced to 355 o. m. 
and by waſhing in water to 54 oz. m. of the ſtan- 
dard of 1.75, with two equal quantities of nitrous | 
air. The computations being made as before, it 


will appear that before this proceſs this air contain- 


ed 66 o. m. of phlogiſticated air, and 34 o. m. 
of dephlogiſticated air; and that after. the proceſs 
there were 30.368 oz. m. of phlogiſticated air, and 
21.632 o. m. of dephlogiſticated air. In this caſe; 
therefore, the dephlogiſticated air that diſappeared 
was 13.3 Oo. m. weighing 7.8 grs. and the fixed 
air was 6 Oz. m. weighing 4-4 grs. ſo that here alſo 
about three times as much 0 che blood,” a4 
did not. 5 

Theſe . tene ney dn and 
though not with the ſame, yet always with Jimilar 
reſults, the greater part of the dephlogiſticated air, 
but never the whole, paſſing the en Ken 
lung, eee ee nn, 


* 
g - 
- 
* . 
- « 
When 
4 
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When the reſults above-mentioned are compated, 


. it will appear, though the obſervation eſcaped Dr. 
| Goodwyn, that part of the phlogiſticated air entered 
the blood, as well as the dephlogiſticated air or 
which is the ſame thing, that the dephlogiſticated 
air which was conſumed was not of the pureſt kind. 
This experiment I repeated ſo often, and always 
with the ſame reſult, that I am confident I cannot 
be miſtaken in this concluſion. This fact, of which 
J had no previous expectation, I firſt thought might 
be accounted for by ſuppoſing that the two con- 
ſtituent parts of atmoſpherical air, viz. the phlogiſ- 
ticated and dephlogiſticated air, are not ſo logſely 
mixed as has been imagined, but rather that they 
have ſome principle of union; ſo that though they 
may be completely ſeparated by ſome chemical pro- 
ceſſes, they are not entirely ſo in this; but that the 
dephlogiſticated air paſſing the membrane of the 
lungs, carries along with it ſome part of the phlo- 
giſticated air with which it was previouſly com- 
bined, But at the obliging ſuggeſtion of Dr. Blag- 
den, I now think it more probable that the deficiency 
of phlogiſticated air was owing to the greater pro- 
portion of it in the hangs after the "_ than be- 

lors... 

When J breathed dephlogiſticated, air that 1 was 
very pure, I generally found leſs loſs of phlogiſticated 
air, and in one caſe (which is therefore not to be de- 
wy upon) there ſeemed to be an increaſe of it. 

| There 
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There will always be ſome uncertainty in the re- 
ſults of the long continued reſpiration of any kind 
of air, as at the laſt the operation becomes laborious, 
and the quantity inſpired and expired is therefore 
much greater than at the firſt,” But I was aware 
of this circumſtance, and endeavoured to obviate 
the effects of it, by leaving off with my lungs, as 
nearly as I could judge, in the ſame ſtate of diſ- 
tention as when I began, which was always after a 
moderate expiration; ſo that two or three ounce 
meaſures would have made a very ſenſible differ- 
ence, as any perſon will find by actual trial. 
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FAVING diſcovered, as I ans the 
C principal uſe of the lungs, and of the bla, 
nn phlogiſton from the animal ſyſtem, 
in a ſtate proper to diminiſh reſpirable air, and to 
render it unfit for reſpiration, I was willing to try 
whether fiſhes, which do not breathe as other ani- 
mals, part with phlogiſton to the water in which 
they live, and with that view I put two fiſhes (a 
pretty large perch and an eel) into a pail of water ; 
and when they had been in it about twenty four 
hours, I nearly filled a large phial with it, and in it 
I agitated a ſmall quantity of common air between 
ſix and ſeven minutes, and then found that it was. 
conſiderably injured by the operation, Two mea- 
ſures of this and one of nitrous air occupied at firſt 
the ſpace of two meaſures and one ſixth, and by 
ſtanding ſeveral days was never. leſs than two mea- 
ſures. But when I agitated an equal quantity of 
air in the ſame quantity of the ſame water, in which 
no fiſhes had been confined, and for the ſame ſpace 
I 9 
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of time, it did not appear to dannen 
cept in the ſlighteſt degree. 


It is evident, therefore, that Phlogiſtor 1 dif. 
charged from fiſhes as well as from other animals, 
that this phlogiſton affects the water, and that this 
water affects the air that is agitated in it, and in 
the fame manner as the fiſhes themſelves would 
mmm to 
breathe it. 

1 afterwards repeated theſe experiments with an 
attention do more circumſtances; and they both con- 
firm and extend my former general concluſions; 

| Having at hand ſome water from the Hot-well 
at Briſtol, which I had found to contain air in a 
ſtate of great purity, I completely filled a large 
phial with it, and I put into it a few very ſmall 
fiſhes, which I had provided far the purpoſe of theſe 


and other experiments. They were minows, .and - 


other ſmall fiſhes, about two inches in length. In 
I CI ee 

Mee Hicol-wqnjd euntrthienroCiig water in 
which the fiſhes had died, and of that out of which 
it had been taken, when they were confined in it; 
and I-expelled from bath all the air which they 
would yield. That from the water in which no 
fiſhes had been put, exceeded in quantity that from 
er fl ve - the 
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the water in which they had been confined” in the 
proportion of three to two; and examining the qua- 
lity of both theſe quantities of air, by the teſt of ni- 
trous air, the former exceeded the latter in a till 
greater proportion. The air from the water in 
which no fiſhes had been confined was about the 
ſtandard of common air, but that which had been 
contaminated by the reſpiration, as I may ſay, of 
the fiſhes, though not thoroughly phlogiſticated, was 
ſomething worſe than air in which a candle juſt goes 
out. I ſhould probably have found it ſtill worſe 
than this, if I had expelled and examined the air 
immediately; but the water remained in an open 
veſſel all night 1 I made oo WA up 
on it. 

From this experiment it bn be cd with 
eh that air contained in water, in an unelaſtic 
ſtate, is as neceſſary to the life of fiſhes, as air in an 
elaſtic ſtate is to that of land animals. 

I had no doubt, therefore, bur chat purting fiſhes 
into water impregnated with air that was thoroughly 
phlogiſticated, would be injurious, if not fatal to 
them, as much as the ſame, kind of air, in an elaſtic 
ſtate, is to land animals; and this was verified by 
the following experiments; from which, however, 
it appears that fiſhes, like inſects, and ſome other 
een, animals, can dive a conſiderable time 
without 


water, that had been recently boiled a conſiderable 
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without any thing equivalent to reſpiration. What 


limits that time has, may in ſme me appyer | 


from theſe obſervations. 
1 began with water that contained, as far as we 
are able to diſcover, no air at all. For it was rain 


time. The veſſel contained about three pints of 
it; and into this, without admitting any air, 


I put nine of the ſmall fiſhes above-mentioned, and 


they lived in it between three and four hours. This 
experiment reſembles the putting of frogs and ſer- 


pents into a vacuum, only that there was no expan+ 


ſion of air contained in them, to ſwell their bodies in 
this caſe. 
Taking the ſame water, which as I obſerved, 


contained little or no air, I made it imbibe as much 


as I could of a quantity that had been phlogi 
with iron filings and ſulphur, fix months likes 
Of this, however, the water would take but very 
little. Into a pint of this water, thus i 
impregnated, I put two of the fiſhes, and they lived 
in it near an hour, The reſult was the fame when 
I impregnated an equal quantity of the ſame water 
with inflammable air. For in this caſe alſo the two 
fiſhes lived about an hour. This experiment re- 
ſembled the putting of mice, and other land ani- 
n into phlogiſticated or inflammable air, which 
Vor. III, . | 18 
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is known to be fatal to them, but more ſuddenly 
than this water was to the fiſhes, owing, I ſuppoſe, . 
to its imperfect impregnation. 

That excellent anatomiſt, Mr. John Hunter, 
told me, that fiſhes would not live in water im- 
pregnated with fixed air. I repeated the experi- 
ment, and found that ſmall fiſnes would not live in 
this kind of water more than a few. minutes. At 
the ſame time I had the curioſity to try how they 
would be affected by water impregnated with nitrous 
air, and obſerved that they were affected in the 
ſame manner, but much more violently; being 
thrown into the greateſt agitation the moment they, 
were put into it, and moving about with the; 


ene capidity, till an pe eee, and 


2 at that time! Wales care l cobld 
to prevent the decompoſition of the nitrous: air, that 
remained after the operation, filling the phial in 
which the proceſs was made with freſh water by means 
of. a funnel, &c. ſtill a decompoſition of ſome ſmall 
part of it would neceſſarily be made, before I could 

poſſibly ſlip the funnel into the neck of the phial. 
To prevent this, I now introduced the fiſhes into 
the veſſel in which I had impregnated the water 
while it remained inverted” in the baſon, the re- 
mainder of the, nitrous air not imbibed by the Waters 


. Nilf 


2 
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ſill reſting upon it. The phial I uſed contained 
lometiung more than a pint, and the nitrous air oc- 
cupied about one fourth of it. 

Into this veſſel, thus prepared, I introduced two 
of my ſmall fiſhes, and they continued very quiet; 
without being ſeized with any convulſions, ten mi- 
nutes, or a quarter of an hour, before they died. 
The cauſe of the convulſions, therefore, in the for- 
mer experiment, muſt have been not the nitrogs air, 
properly ſpeaking, but the nitrous acid, though in 
ſo very ſmall a quantity, diffuſed in the water, and 
acting like the fixed air (which is only another kind of 
acid) in the water impregnated with it. - Whereas 
in this experiment the fiſhes were no otherwiſe af- 
fected than they were in the water impregnated with 
phlogiſticated or inflammable air, except that. the 
water imbibed much more of the nitrous air, and 
on that account was ſooner fatal to them. | 


* 1 


Ses S EC- 


* ; 


OBSERVATIONS ON Part II. 


SECTION iv. 


Of the Diminution of Nitrous Air in Conſequence of its 
being confined in a Bladder in certain Crd 


S the obſervations I made on the. aftion of 
one kind of air on another, through à moiſt 
bladder, greatly illuſtrate the experiments in which 
the blood is acted upon through the membrane of 
the lungs, I ſhall inſert them in this place. The 
compoſition of fixed air, as inferred from this pro- 
ceſs, was mentioned before. N 
Having had frequent occaſion to put a quan- 
tity of nitrous air into a Hadder, in order to tranſ- 
fer it from my trough of water to veſſels placed 
in different parts of the room, I generally left the 
bladder with the remainder of the air in the trough 
of water, without preſſing it out into a jar, eſpe- 
cially when I knew that I ſhould have occaſion for 
it ſoon afterwards; and the trough being large 
enough, it was no inconvenience to me to let the 
bladder of nitrous air be ſwimming about in it, 
while I was intent upon other experiments. But ſe- 
veral things led me to ſuſpect, that nitrous air kept 
in a bladder, in theſe circumſtances, was liable to 
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| be impaired ; and it did not anfiver my purge iy» 
variety of experiments ſo well, as that which had 
been kept much longer in the jars, in the ſame 
trough of water. | 

As to the quantity of the air, 1 had not, for a long 
tune, given much attention to it; till ſometimes 
finding it much leſs than I expeRed (the bladder 
evidently containing but little, when I perfectly re- 
collected that I had left a good deal in it) I was 
forced to attend to that circumſtance ; and after I 
had, in ſome meaſure, inveſtigated this curious fact, 
I was. 4 long time exceedingly at a loſs to account 
for the capital circumſtances of it. 

I had the leſs ſuſpicion of nitrous air undergoing 
any conſiderable change in a bladder, from my have 
ing at one time kept a quantity of it in a dry bladder 
about three weeks, without any ſenſible diminytion 
of its virtue. 

After this previous information, 1 thall nom pro- 
ceed to preſent my reader with a view of. the in2s, 
Juſt as they occurred to myſelf. 

On the 10th of March, 1776, I could not help 
obſerving that a large quantity of nitrous air, which 
had been left in a bladder, was greatly diminiſhed ; it 
having been left very buoyant, and being now almoſt 
ſunk under water. This prompted me to examine 
the ſtate of the air contained in it, when I found it 
Cc 3 to 
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to be mere phlogiſticated air, not at all affecting 
common air, and extinguiſhing a candle. Now, as 
part of the fame nitrous air had ſtood all the time in 
a glaſs jar, in the ſame trough of water, without 
ſuffering any ſenſible change, the difference between 
them was evidently owing to the different mmer 
in which they had been kept. | 
In order to determine by what Aeris this un- 
doubted diminution of nitrous air, when kept in a 
bladder, would proceed, 1 put a certain quantity of 
it into a bladder, and let it ſwim about my trough 
as uſual; when I found that, in the ſpace of 
one day, it was diminiſhed one fourth of its bulk, 
and tlie next day only half of it remained, when it 
was {till conſiderably fitrous. Had 1 continued it 
longer, the remainder Pres certainly” enten | 
Phlogiſticated air, as before. 0 
In order to determine EI this 7 
effect was neceſſarily occaſioned by the bladder in all 
circumſtances, I thruſt a bladder up into a jar con- 
taining nitrous air; but, though it had ſometimes 
its ' infide, and nme its outfide in contact with 
the air, and was kept there a ſufficient time, no 
change was produced in the air. But when, im- 
mediately upon this, I transferred the air into the 
ſame bladder, and let it ſwim about the trough,” as 
uſual, be change was oa. th as quickly as before ; 
and 
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and being in a ſhort time diminiſhed to one fourth 
of its bulk, it appeared to be nothing more e 
| phlogiſticated air. 

To try the effect of the bladder in e man- 


ner, I filled one quite full of nitrous air, and, tying 


it up, confined it under the ſnelf of my trough, 
where it was kept entirely covered with water; but 
though it continued in this ſituation a whole week, 
the quantity was not diminiſned, nor was the qua- 
lity of it ſenſibly changed; at leaſt not more than 
would have been the caſe if it had been kept in the 
jar the ſame length of time. At the ſame time I 
had filled another bladder with nitrous air, and tying 
it up, had left it with its neck downwards in a ſmall 
quantity of water, ſo that by far the greateſt part 
of the bladder was expoſed to the common air. 
The quantity of this air was impaired a little. Then, 
without untying eicher of the bladders, I left them 
both to ſwim about in my trough, and in two days 
only the air in both of them had nearly loſt its pro- 
perty of diminiſhing common air; but ſtill that 
which had been kept covered with water 1 
ther more of its virtue than the other, 

Since nitrous air had kept very well when it was 
confined there in a dry bladder, or one that was con- 
ſtantly wwe, 1 now concluded that the diminution of 
We air in the bladder ſwimming about in the trough 

C 4 mut 
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muſt have been occaſioned by that part which, in 


this ſituation, muſt have been expoſed to be alter- 
nately wet and dry, or only partially moiſt. 
To determine this, I filled two bladders quite full 
Kanons air and, in order to make a little varia- 
tion in the experiment, had one of them wetted in 
the inſide, and the other quite dry; and during two 
or three days I wetted them two or three times a 
day, ſuffering them to become quite dry at intervals. 
After this time they both appeared to be ſhrunk to 
about one fourth of their dimenſions, and the air 
within them was become quite phlogiſticated. At 
the ſame time another bladder wetted in the inſide 
when it was filled, but not wetted any more, conti- 


nued fully inflated three weeks; and being then en- 


amined, the quality of the air it contained was 
found to be very little impaired. But I was not 
aware that if the bladder had been kept conſtantly 

moiſt, the ſame effect would enn 


much leſs time. 


Being now fatisfied with pen to the circum- 
ſtances in which the nitrous air had been diminiſhed 
in my bladders, I wiſhed to aſcertain the manner in 
which the water was affected by that decompoſition, 
and I ſoon found that it had acquired a conſiderable 
quantity of phlogiſton. For this principle was rea- 
dily communicated to the air contained in 'the jars 
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that ſtood in the ſame trough of water, and had in- 
jured the air contained in them, in proportion 'as 
they had been more or leſs expoſed to igs influence. 

For example, the air contained in ſeveral” jats 
ſtanding in the trough of water, in which was ſwim- 
ming a large open bladder filled with nitrous air, 
and which, as it ſubſided by the diminution of the 
air, had been kept ſupplied with freſh nitrous air 
from time to time, I found to be, in all of them, more 
or leſs injured, and in thoſe moſt of all that were moſt 
expoſed to the body of water in the trough; as 


particularly in one jar that was ſo poiſed as to ſwim 
about in it, and another that was placed with its 


mouth half over the ſhelf. As to thoſe that ſtood 
wholly on the ſhelf, the water in the inſide of them 
had but little communication with the phlogiſticated 
water in the trough, and in them the air was but 
little affected. 

It was ſtill more evident that the water, in contact 
with which nitrous air is thus decompoſed, was be- 
come very acid. 

Having put rain water into a bladder, and filled 
it up with nitrous air, I tied it up very cloſe, and left 
it-to ſwim in a baſon of water, taking care that the 
mouth of it was always under the water. After a 
week, perceiving that it was ſhrunk up to about one 
fourth of its bulk, I opened it, carefully preſſing out 
che water into a Clean phial ; when I found the air 

within 
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V. vithin it thoroughly phlogiſticated, not affecting 
common air in the ſmalleſt degree, and the water 
was exceedingly acid, very turbid, a little inclined. 
to yellow, and ray made a Wage of the ſame 
colour. 
This reſult proves what 1 was not aware of at the 
time, viz. that the acidifying principle in the at- 
moſpheric air, had communicated through the blad- 
der with the nitrous air within it, and by that means 
formed nitrous acid, while the phlogiſton of the 
nitrous air had, in like manner, been communicated, 
to the acidiſying principle on the outſide of the 
bladder, and with it had formed fixed air, as I ob- 
| ſerved afterwards. The ſame. was the effect when 
inflammable and dephlogiſticated air were ſeparated | 
by a moiſt bladder, as. has been ſeen. 
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Mod the el erpelimend ee 
the Hiſtory of Electricity, was an account of 
the conducting power of charcoal. "This ſubſtance 
had been conſidered by electricians, in no other light 
than that of more perfectly baked wood, which i 1s 
known to be no conductor of electricity. I haye even | 
FR | heard of attempts being made to excite it; and 


though 
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though thoſe attempts were ineffeQual, the failure 
of ſucceſs was attributed to other cauſes than that 


of charcoal being no electric ſubſtance ; ſo fixed 


was the perſuaſion, that water and metals were the 
only conducting ſubſtances in nature. The con- 
fideration of the chemical properties of charcoal, 


which are, in many reſpects, remarkably different 
from thoſe of the wood from which it is made, 


might have led philoſophers to ſuſpect, that ſince, 
after its being reduced to a coal, it was become 


quite another thing from what it was before, it 
might poſſibly differ from wood in this property; 
but this conſideration had not bern at- 


tended to. 


In the account of my former experiments, I ob- 
ſerved, that there were very great differences in the 
conducting power of charcoal, and particularly of 
wood charcoal, though I could not determine on 
what circumftances in the preparation, &c. thoſe 


differences depended. I therefore expreſſed a wiſh, 


that ſome perſon, who had conveniencies for mak- . 
ing chemical experiments, would proſecute the in- 


| * quiry, as one that promiſed, not only to aſcertain 


the cauſe of the conducting power of charcoal, but 


perhaps of condulling power univerſally, Not hear- 


ing that any chemiſt, or electrician, has attended to 


this buſineſs, I haye, at length, reſumed the ſubject, 


** not with every advantage that I could have 
Wen 
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wiſhed. I have, „Se ene ſuc- 
ceeded in the principal object of my inquiry; and 
I ſhall now lay before this ſociety the reſult of my 
experiments and obſervations. _ 
I ſhall begin with correcting a miſtake I lay un- 
der at the time that I made the former experiments. 
Having been informed by perſons, who attend the 
making of pit charcoal, that it was confiderablyincreaf- 
ed in bulk after the proceſs ; I imagined that all other 
. ſubſtances received an increaſe of bulk, when they 
were reduced to a coal; but the firſt experiments 
that I made, convinced me of my miſtake. ' All 
vegetable ſubſtances are conſiderably contracted in 
all their dimenſions, by the proceſs of coaling, and 
the more perſect this proceſs is (that is, as will be 
explained hereafter,” the greater is the heat that is 


applied in the courſe of it) the greater is the dimi- 
nution, I have even reduced pieces of wood to 
little more than one fourth of their original length 
and breadth, in'a common fire, by the uſe of a pair 
of hand-bellows only. And this was the caſe equal- 
ly with wood of the firmeſt texture, as ebony ; that 
of a andille texture, ee ene 
as fir, &c. 

As moiſture (and, I believe, ſmall * of 
heat or cold) affects wood much more ſenſibly 
acroſs the fibres than along them, it might have 
been ſuppoſed, that when wood was reduced to a 
| | coal 
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coal by the application of a greater degree of heat, 
the ſame rule would have been obſerved; but I 
found very little difference in this reſpect. To aſ- 
certain this circumſtance, I took from the ſame 


board, two pieces, each two inches and a half in 
length. In one of them, the fibres were divided, 
in the other they were not; and after coaling them 


thoroughly together, in the ſame crucible, I found 
that the former meaſured 2.05 inches, and the latter 
2.15. Their conducting power could not be diſ- 
tinguiſhed. 4 bY: 

A more particular account of the degree, in 
which wood is ſhortened in coaling, will be ſeen af- 


terwards, when the variations in this reſpect are 


compared with the variations in the power of con- 
ducting electricity. | 

To my great ſurprize, I Guin animal fubSances 
not reduced in their dimenſions by the proceſs of 
This, at leaſt, was the eaſe with. ſome 
pieces of ivory, ſeveral inches in length, and a piece 
of bone, They bore a very intenſe heat for many 
hours, and came out of the crucible conſiderably 
diminiſhed in weight, but hardly ſo much as diſ- 


torted in their ſhape, as is remarkably the caſe with 


wood, and, I believe, all vegetable ſubſtances. 
In examining mineral ſubſtances, I found that 


my information, mentioned above, was juſt." Coals 


me much enlarged in their dimenſions by 
"hd charting ; 


7 0 4 | 
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charring; but the experiment muſt be made with, - 
great care, to judge of this circumſtance; for, un- 
leſs the operation be very flow, the coal will retain 
nothing of its former ſhape, having been made, 
in ſome meaſure, fluid by the heat. The inſide of 
all pieces of pit - charcoal is full of cavities, and there 
is generally a very large one in the centre of every 
piece; ſo that the dilatation is nothing like the ex- 
tenſion of fibres; but is produced by the elaſticity, 
of che new-formed vapour, in forcing its Ways « Wes 
while the ſubſtance is ſoft.  .. 
With reſpe& to the main object of my inquiry, | 
I preſently. ſatisfied myſelf, that the conducting 
power of charcoal depends upon no other circum- 
ſtance, than the degree of heat, that is applied in the 
proceſs of making it. I had not ſuſpected this; but 
numherleſs experiments clearly proved it. Taking 
an iron pot, filled with ſand, and putting into it 
pieces of wood, cut out of the ſame plank, mark- 
ing them, and carefully noting their places in the 
pot, I always found that thoſe pieces came out the 
beſt conductors, that had been expoſed to the greateſt 
heat. The reſult was the ſame when I made coals 
of bits of wood, placed one above another, in a gun- 
barrel, one end of which was made red hat, wo. 
the reſt gradually cooler and cooler. 
Taking pieces of charcoal that conducted very 
umpereth or not at all, I never failed to give 
them 
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them the ſtrongeſt conducting power, by repeating 
the proceſs of coaling, either in a crucible, or in a 
gun-barrel, covered with _ and kept in an in- 
tenſe heat. | 

I could not find 4 he wr continuance of 
the ſame degree of heat had any effect with reſpect 

to the conducting power of charcoal. 
Mr. Macquer, and other chemiſts, define . 
coal to be wood burned, without being ſuffered to flame; 
but, with reſpect to its conducting power, and, 
make no doubt, with reſpect to all its other eſſential 
perties alſo, it makes no difference whether it 
flame or not. I have coaled pieces of wood, both 
in gun- barrels, and in crucibles, ſlightly covered 
with ſand, and have let the inflammable vapour that 
exhaled from them take fire, at various diſtances 
from the ſubſtances; and I have alſo put pieces of 
wood in an open fire, and urged the heat applied to 
them, with a pair of bellows; and in all theſe caſes 
have found the charcoal equally good. In the laſt 
method, indeed, very little of the ſubſtance-is pre- . 
ſerved ; but the little that doth remain, after it 
hath ceaſed to flame, whether it be quenched im- 
mediately, or not, conducts as well as any charcoal 


whatever. But we can hardly be fure that the 


_ fame degree of heat is given to every part of a 

piece of wood, except it be expoſed to it for ſome 
ä urged with a pair of 

: bellows, 
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bellows, the wood waſtes is faſt ds it is red hot, 
'vefore the center of & is much affo@ed] with! we | 
heat. | MW 
When once any degree of condudtig power is 
given to a piece of charcoal, I never found that it 
was afterwards leſſened. | A partial conſuming; of 


i idea fn Moth, Dov e 


E 7: . 3 
ments. 
I had imagined, that the Jolidity of ſubſtances con- | 
verted into charcoal, would have had a very con- 
ſiderable effect on their conducting power afterwards; 
but the conjecture was not confirmed by experi- 
ment. Coals made of the lighteſt woods oonduct- 
ed, as far as I could; perceive, as well as thoſe 
that were made from the moſt ſolid, if they had 
been expoſed to the ſame degree of heat in the 
proceſs.” Fine ſhavings"of fir, the fine coats of an 
- onion, the lighteſt ſoot, and every other vegetable 


ſubſtance tliat I tried, eee wich coals 
made of oak of ebony. nd ty 

I had imagined, * 4 . 
of wood was become black with heat, it was, to all 
intents and purpoſes, a real charcoal; and, along 
with the other properties of charcoal, would con- 
duct electricity, more or leſs; but I found, by coal- 
ing ſeveral pieces very ſlowly, that they would not 
conduct in the leaſt degree, not only when they were 

Vor, III. 95 990 made 
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made ſuperficially black, but likewiſe when they 
were black quite through, and had remajned a long 
time in the heat that made them ſo; ſo that no 
eye en n apart the moſt perfect 
charcoal. LN ie * sv 
I have 8 found Ane in ſuch a ſtate, 
that it would aſſiſt the paſſage of an exploſion along 
its ſurface, when it would not conduct a ſhock any 
other way. 

In order to ſatisfy myſelf i in at eropoidond the 
| ks of tight, the decreaſe of bulk, and the con- 
dufting power of wood and chartoal, correſponded 
to one another, I took ſeveral pieces from the' ſame 
plank; and having carefully weighed and meaſured 
them, converted them into coal very ſlowly, and 
by a gradudl increaſe of heat, on an iron plate, 
held on che fire, turning them conſtantly, to pre- 
vent their catching 225 3 . were _ 
r Ah OO IQ 2 
2 A piece of very ola dry . * eld 
grains, and which conducted in the imperfect man- 
ner that wood general does, from the moiſture it 
contains, was; after the loſs of about one grain, no 
conductor at all; and it continued the ſame as baked 
wood, till it was redueed to four grains, when it 
was black quite through; and even then, no part 
of it conducted, po one e er had 

i | Anocher 
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Another piece I carefully weighed, and meaſured 
ſeveral times in the e of che proceſs. At firſt | 
aa ene | 10 1 6 803 Meds 4 * 
w en 0 Reg ' Length. Bread, Thick. 


pare | ts dimenſions in inches wee 2 45 12 
At; 8411 r — (ts | 4 12 


"7 "O00 FE TENT n 500119 7 affy 
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Ie was mow become an immperſetk chen 1 04 
urged it with a ſtrong heat, in a crucible, and taking 
it out, it weighed 1.75 gr. and meaſured 1.6 in 
length, and 3 in the other dimenſions. It as no- 
une . conductor; and though: I afterwards kept 
it in a very intenſe heat ſeveral: hours, by which it 
was” reduced to one grain in weight its condliQting 
power was \not-ſenſibly N but it was be- 
come very brittle, or friable. M 267 ICE. 
At appears from theſe experiments; that- theſe 
pieces of wood were. reduced to about, one-fourth 
of their weight before they would conduct at all; 
though, at the ſame time, they were-diminiſhed in 
breadth and thickneſs could not be meaſured with 
ſufficient accuracy in theſe ſmall pieces. To make 
them perfe& conductors, they were reduced to about 
one tenth in weight, and one half in length; - 1 
A variety of circumſtances; led me to conclude, 
ane of Blackneſs, and of the conducting 
Dd 2 power 
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power in charcoal, is the oil- of the plant, made 
empyreumatic, and burned to a certain degree. 1 
therefore conclude that theſe properties are ſome 
way connected with that part of the inflammable 
principle, otherwiſe called phlogiſton, that is fixed 
and united -to the earth- of the plant, when che 
union is ſtrengthened. by an intenſe, heat. 

The /and, with which I. covered the ſubſtances 
that I converted into coals, and alſo the pipe=clay 
which J ſometimes put over them, contracted a 
blackneſs like charcoal, and wquld often conduct 
pretty well. Sometimes they would conduct a 
ſhock. This muſt have been owing to the oil they 
received from the ſubſtances out of which it was 
expelled by the heat. In the experiment of the 
gun- barrel filled with pieces of wood, mentioned 
above, the uppermoſt pieces were not in the leaſt 
burned. They could hardly have been hot; yet, 
having contracted a ſuperficial blackneſs, from the 
vapour of che oil expelled from the piece below 
therm they would even oonduẽt a Ss Og 
not in the moſt perfect manner. 

Sometimes thoſe ſubſtances that had no phlogit: 
ws tC: but received it in conſequence of 
being placed in the neighbourhood of other bodies 
out of which it was expelled, would not conduct 
immediately; but would be made to do ſo by be- 
en which more tho- 
* roughly 
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roughly burned = al with Ne their pores vere 


filled. 
* put a piece of a common pipe into a | crucible, in 
which 1 was burning ſome turpentine (which will 


be mentioned below) and it came out black quite ; 


through, like a pipe in which tobacco has been 


frequently ſmoked, In this ſtate it. would not con- 


duct at all; but putting it into 4 crucible, covered 
with ſand, I treated it in the ſame manner as I would 
have done a piece of wood, in order to coal it, and 
it came out a very good conductor. Had it been 


burned in the opt fire, the phlogiſton would have 
efcaped, and the pipe would have been lefe white, LY 


as at firſt. 


Being convinced that che conduAting power of 


charcoal depended upon the oil, 'or rather the 
phlogiſton contained in the oil, af on the degree 
of heat with which it was burned, I rook'feveral 
methods to give vegetable ſubſtances more of this 
principle ; ; or at leaft endeavoured to make them 


retain more of it than they uſually do, in che pro- 


cefs of coaling. But 1 had no apparent fuccels i in 
thoſe experiments. 


I began with plunging a a piece of old FE 6ak i in 


oil; and'then, pumping the air out of k, let i it ſtand 

i vacuo à day and night, in which time it ſeemed 

to diſcharge 2/ great quantity of air; aſter which I 

ler the air into the receiver, TE 
Dd 3 
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oil into its pores. But the coal from this wood 
was not ſenſibly better than others. The appli- 
cation of heat may, perhaps, expel the phlogiſton 
in ſuch a manner, that the reſiduum, being fully 
ſaturated, can retain no more than a certain pro- 
portion. I made coals of other pieces of wood, 
when. they were covered with cement; and I alſo 
coaled ſeveral pieces together, that they might re- 
ceive phlogiſton from one another; but, in both 
caſes, without any ſenſible improvement in the 
quality of the coal. 

In order to prevent the eſcape of the latin 
belonging to the ſubſtance to be reduced to a coal, 
I I put ſome pieces of wood into a gun-barrel, and 
corked it as cloſe as I could, at the ſame time cover- 
. ing the cork with cement. In this caſe the rare- 
faction of the exhaling vapour never failed to drive 
the cork out; but it muſt have been after a con- 
ſiderable reſiſtance to its eſcape. However, I could 
not perceive any peculiar excellence in the charcoal 
made in this manner. 

1d not, indeed, know any method in which 
differences in ſubſtances that conduct ſo well as 
theſe can be accurately tried, at leaſt none that can 
be applied in this caſe, The charcoal I can make 
in a common fire, by the uſe of a pair of hand-bel- 
lows, I cannot diſtinguiſh, with reſpect to its con- 
ducting power, from the moſt perſect metals, di 


P 
* 
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and ſilver; either by the length of the electric 
ſpark, the colour of it, or the ſound of the explo- 
ſion. I make no doubt but that wood, in the pro- 
ceſs of coaling, may eaſily have a degree” of con- 
ducting power communicated to it, exceeding that 
of lead, iron, or the other more br ee me- 
tals. ” 
We- may, perhaps, be Hulda in our en 
on this ſubject, by conſidering the degree & hear 
that is neceſſary, either to unite the phlogiſton to its 
baſe, or to ſeparate them, both in the caſe of wood, 
and the different: metals. Lead is very eaſily cal- 
cined, and it is alſo known th conduct electricity 
very imperſectly. Iron ſoon turns to ruſt; and its 
conducting power I found to be very ſmall, in com- 
pariſon with that of copper, or the more perſect 
metals. If, therefore, in making charcoal; a degree 
ol heat be applied greater than is neceſfary to cal- 
cine or revive a metal, we may perhaps conclude, 
that the conducting power of the charcoal will be 
ſuperior to that of the metal. ' As it may de fMible' 
to give charcoal, when cut off from any uni- 
cation with the external air, a greater degree of heat 
than ſilver or gold would bear without being dif. 
ſipated in vapour; it may even be poſſible, to make 
charcoal that ſhall condukt | clectrciry better __ 
| thoſe moſt perfect metals. e 


pa.” | Had 
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Had there been! any phlogiſton in water, I ſhould 
have concluded, that there had been no conducting 
power in nature, but in conſequence of ſome union 
of this principle with ſome baſe. In this, metals 
and charcoal exactly agree. While they have 
phlogiſton, they. conduct; when deprived of it, they 
will not conduct“. ; 

I believe, however, that all vegetable or animal 
Ane that Om eg don, may. be recyord 
to a coal; and if the heat applied in the proceſs be 
ſufficient, that coal will conduct electricity. Fleſh, 
| glue, bones, and other parts of an e. 

make good conducting charcoal. 

The only approach, or ſeeming n I ever 
made towards retaining more phlogiſton than uſual, 
in wood reduced to a coal, was by the. fowneſs of 
the proceſs, For I always found, that if the heat 
was applied very gradually, leſs volatile phlogiſton, 
i. e. leſs inflammable air was. expelled ; and there- 
fore I ſu ppoſe that more of it was fixed. I could, 
never afterwards, by equal degrees of heat, make 
this coal; to weigh as little as another that was firſt: 
coaled by a ſudden heat. This agrees with thoſe 
experiments in which more air was got from various, 

„As water attracts dephlogiſticated air from the nbi, | 


which is the property of all ſubſtances containing phlogiſton, it is 


probable from this circumſtance, as, well from its conducting eleg - 
tricity as metals do, that like them it alſo contains plilogiſton. 


5 | ſubſtances 4 
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ſubſtances hy a, teas Coddoaly applied, chan dy the pu 
ſame degree of heat applied more flawly. 


Lang 6s piers of: dry. ogy, [thei een 85 


parts of the ſame ſtick, each, weighing exadtly four- 
teen grains. One of theſe I heated ſuddenly. It 
yielded eight ounce; meaſures . of inflammable;) air, 
and then weighed two grains. The other I heated 
lowly, but as vehemently, at the laſt, as the other. 
It yielded only en in . teen 
weighed three grains. 

repeated the fame experiment bend times, and 
always with nearly the fame zelult, | 

; Examining. the conducting power of the pieces | 
of charcoal made with theſs different circumſtances 
in the proceſs, I could, not. diſtinguiſh which. was 
' better, Perhaps a more accurate method of trying 
them might ſhow, that thoſe which were coaled 
lowly, were the better conductors; unleſs, which is 
got improbable, the goodneſs of the conducting 
power conſiſts in the completeneſs of the union that is 
produced between the inflammable principle and its 
baſe, which. will depend upon the degree of I one 
ly, and not on the quanyity of eülbaen A ted, to 
the earth. : | 

N. B. To ch e FA loin 
making charcoal, I put the ſubſtances. into a gun 
N laced a long glaſs e 

the 
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the tube I faſtened: a bladder, out of which the at 
was carefully preſſed.” 2 

b e eee ages n Ui of 
phlogiſton united to an earthy baſe, and alſo in con- 
ducting electricity, I ſuſpected that theſe two differ- 
ent ſubſtances might alſo agree in their readineſs to 
expand by heat. Mr. Smeaton was ſo obliging as 
to aſſiſt me in my attempts to aſcertain this circum- 


ſtance, by the application of his excellent pyrometer. 


Though we could not make the experiment with all 


the exactneſs that we could have wiſhed, yet the 


reſult of near thirty trials was uniformly in favour 


of the greater degree of expanſion, by heat, irf the 
charcoal, than in wood of the ſame kind (as we 
imagined) out of which it was made. In general, 


the expanſion of the charcoal was about double to. 


that of the wood. 
It is evident, thit a certain degree of heat makes 


wood and charcoal expand; and alſo that a greater 
degree of heat makes them contract. I wiſh we had 


an inſtrument to aſcertain the preciſe degree of heat, at 


which the expanſion ceaſes, and the contraction be- 


gins; and whether the two elle be produced by 
the ſame gradation. - 


In the courſe of theſe aden on charcoal, 
I met -with a ſubſtance, the conducting power of 


which is n and exhibits a beautiful appear- 
ance 


/ 
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ance. In order to ſee what would remain aſter 


burning a quantity of turpentine in a glaſs tube, + 


covered it with ſand, in a cruciblez"in the fame man- 
ner in which uſed to make charcoal; and, aſter 
letting it continue a ſufficient: time, in a very hot 
fire, and after the flame had long ceaſed, I ex- 
amined the tube, and found that it had been melted; 
but, inſtead of any thing like charcoal, or the leaſt 
blackneſs, I obſerved that the tube was uniformly * 
lined with a whitiſh glaſſy matter, which I could not 
ſerape off. 5 Upon trying whether it would conduct 
electricity, I found it tranſmitted the ſmalleſt ſhocks 
to a conſiderable diſtance; and, what appeared very 
remarkable, the path of the exploſion was luminous 
all the way; and ſeemed to. conſiſt of a prodigious 
number of ſmall ſeparate ſparks, ſcattered to a great 
diſtance, - exhibiting ſuch an appearance as would be 
made by firing gunpowder ſcattered careleſsly in a 
line. The exploſion very much reſembled the fir- 
ing of a ſquib. To compare it to another electric 
appearance, it was like the exploſion n over 4 
thin ſurface of gilding. © 4d. 
I imagine that, though I could not phivcibe; ay 
"interruption in this, white coating, not even by the 
help of a microſcope, it muſt, in fact, have been 
full of interſtices, and the electric ſparks could only 
be viſible in paſſing from one conducting particle to 


. . © # # ; * * 9 "> 
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In this experiment, I often got pieces of glaſs 
very imperfe&tly covered, with intervals in the white 
coating very large and viſible ; but, though I ex- 
poſed the ſame pieces of glaſs to catch more of this 
matter, I never could get a coating of it fo thick, 
but that, in tranſmitting. the electrical exploſion 
through it, it exhibited the fame luminous appear- 
- ance, as if there were interftices in the circuit. 

I got the fame matter from oil of turpentine, and 
el: of olives; but not from bees-was, or ſpermaceti 
ail. eee en een e een 
In order to obſerve the progres of thib incvuſts- 
tion, I poured oil of turpentine on ſome flat pieces 
of glaſs, and burned them on an iron plate, in the 
open fire, the heat being moderate; but the eſſect 
was a black covering, like ſoot, which would not 
conduct in the leaſt. But theſe ſame pieces of glaſs, 
thus covered with the black coating, being -put 
into a crucible full of ſand, and urged: with a ſtrong 
heat, came out white, and ned exactly as 

before. 
— of lan} the Viet coviniel. 
was changed to white; but it did not adhere ſo fin- 
ly, to the glaſs as when the heat had been greater; 
though it adhered more cloſely than the black eo- 


But this white coating, produced by a moderate 
heat, would not conduct at all. 1 
1 1 


. vering, which might be wiped off with a feather. 
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In ſome caſes I have found this whitiſh mat- 

ter to be diſperſed by ſeveral exploſions, as Dr. 

Franklin found gilding with leaf-gold to be. 

In whatever manner the pieces of glaſs were co- 
vered, the coating vaniſhed when it was made red 
hot in an open fire; and the glaſs that remained 
would not conduct, any more than it did before. 


This circumſtance exactiy geſembled the eſcape of 


e burned in the 
open air. 
In a microſcope, eee eee 
aQtly like meral, or rather ſome of the Emi- mera 


having a bright poliſh, though. it ſoon became, as 


it were, tarniſhed. 
To try whether it was metal, 1 dipped the pieces 


of glaſs that were covered with it in the acids, but 


found that they had little or no effect upon it, though 
itis by no means fixed in the. pores of the glaſs, but 
covers it quite ſuperficial. 0 
It Was not in the leaſt Ade by the nee. 
Upon the whole, the matter that forms this coating 


of the glaſs ſeems 0 be 4. kind of chore; r 
While, ef Oo | 


l 1 So 


* 
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Pur Scan indi 'of Ane is now conſidered | 


as an object of peculiar importance in che- 
miſtry ; and ever ſince I had diſcovered it to be one 


of the beſt conductors of elegrricity I have given par- 
ticular attention to it. The moſt e of the 


experiments that 1 hate made reſpecking it fince 


my more early publications, will be found in the ac- 


count that I have given of the decompoſition of it 
by ſteam in a ſtate of ignition. In this ſection I ſhall 
comprize a variety of miſcellaneous obſervations, 
ſotne of more, and others of leſs importance. Some 


of them alſo are repetitions of former experiments, 
but made with a better apparatus, and with an at- 


tention to more ci rcumiſtances, ' 


The quantity of air to be expelled by heat from dry 
ms I have frequently eſtimated ; but having now, + 


by the aſſiſtance of Mr. Wedgwood, the advantage of 
doing every thing of this kind in very compact earthen 


retorts, which themſelves give no air, it may be 
worth while to mention, that from five ounces of 


5 1 


* 
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dry oak I got.650 ounce meaſures. of air of which 
about one half, nearly a third, that came at firſt 
was fixed air, the remainder 1 inflammable, 
and the laſt portions) wholly, ſo. 4130? 1/3389; 
The property that bern of abſorhing-air 
is a remarkable circumſtance, firſt; diſtincthy ob- 
ſerved by the Abbe Fontana; but ſtill there are ſe- 
veral particulars relating to this experiment, ſuch as 
the time in which the air is imbibed, ande the qua- 
lity of it when it is again expelled by heat, &, that 
not purſued this ſubject with much regularity, I 
have occaſionally, and at different times, made ob- 
ſervations of this kind, of which I ſhall here give 


an account; propoſing to reſume *. e e 
33 42 10 1 

From 789 grains of 8 hams: which all 
air had been expelled, and which had been expoſed 
to the atmoſphere, I got thirty, ounce meaſures of 
air, no part of which was fixed air, but all phlo- 

giſticated, extinguiſhing a candle; being of the ſtan- 
dard of 1.7. Probably pure air had been imbibed 
in preference to any other; becauſe when it has 
been made to imbibe dephlogiſticated air only, it | 
however, conſiderable varieties in the quality of air 
A charcoal, ; hen bringoxpeſa 02he agen 


air, 
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Air, as well as other circurnſtance of ſome conſe. 
quence relating to the experiment, - 

From sse grains of charcoal, which had been 
8 four times before, 1 got forty ounte inraſures 


of air, of which the flighteſt portion imaginable was 


fixed air. Of the reſt, towards the middle of the 


proceſs, the ſtandard way 1.48; and the laſt, 1.32. 
The next day, without changing the retort, or mov- 
ing it from its place, having only left it with its 
mouth open, to give it an opportunity of attracting 

more air, I heated it again, and got about two ounce 
 tneiſures of air, of the ſtandard of 1. This was 


much leſs than I had expected. I then tied a blad- 


der to the mouth of the tetort the moment it ceaſed 
to give air. But though the charcoal was ſhaken 
out of the retort into the bladder when it was Cold, 
very little air had been abſorbed by it. It chen 
weighed 550 grains. But having been thus expoſed 
to the open air, though for a ſhort ſpace of time, on 
being again immediately ſubjected to heat, it gave 
fifty ounce meaſures of air, the ſtandard. of Which 
varied in different periods of the proceſs, in the fol. 
| lowing order: 1.54, 1.58, 1.7, 1.6, and about offe 
twentieth © of the whole Was fixed' air. Why this 
fame charcoal ſhould give fifty ounce meaſures of 
air now, and only forty before, I cannot tell. Pro- 

bably a little moiſture had been attracted by it. 


0 
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* 
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Being willing to aſcertain the weight that was 
gradually gained by charcoal, in conſequence of he- 
ing expoſed to the open air; on the 4th of Septem- 
ber I left in an open diſh charcoal freſh made from 
dry oak, weighing - „ 364 grains 

The next day it weighed - 390 | 

Two or three days after, -< 397 5 

The 24th of October flowing - 419 

The 26th of April — 421 
It appears, therefore, that charecat" freſh made, 
only abſorbs about half as much air on its firſt ex- 
poſure to the atmoſphere i ales in a W of 
time afterwards, : 

Judging that this charcoal an wh acquire 
any more weight, I ſubjected it to heat in an earthen” 
retort; and having got from it a quantity of air 
that was conliderably phlogiſticated, found that it 
weighed 312 grains, but the retort ., e 
cracked. 

Having left the fame charcoal expoſe} to the 
open ait a whole year, I weighed it again, and 
found. it to be 371 grains. That this charcoal 
- ſhould be reduced to leſs weight than it had been 
at the beginning of the proceſs, I eould not account 
for at that time; but I now do it by ſuppoſing that, 
_ together with air, ſome moiſture had been imbibed; 

and this would help to decompoſe the charcoal, 
e 

Vor- III. Ee in 
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in a W e article. It may, however, be 
determined whether the air expelled from char- 
coal by heat, be the air which it had imbibed, 
or that which was formed by the decompoſition of 
the charcoal by means of water. For this will be 
inflammable air, whereas the other, as appears by 
theſe experiments, will be partially phlogiſticated. 
Having gone through another proceſs of expoſing 
charcoal to air, and then expelling air from it by 
heat, I ſhall here note the particulars of it. 
From two ounces of pounded charcoal, on the 
20th of January, I expelled, by means of a ſtrong 
heat, 336 ounce meaſures of air, and weighing it 
immediately -afterwards, found it to be 756 grains. 
On the 23d it weighed 817 grains, after being ex- 
poſed: on a plate, ſo as to lie about half an inch in 
depth. The air expelled from it was about one 
tenth. fixed air. This charcoal I expoſed to the 
fire ſeveral times, the laſt time on the 28th of June in | 
the year following, immediately aſter which it 
weighed 711 grains. Some of the air that J got 
from this charcoal was inflammable, burning with a 
lambent blue flame, which ſhews that ning had 
been imbibed by the charcoal. _ 
+I have obſerved, that when charcoal hay irmbibed 
air, it will give it out again, at leaſt in part, on 
being plunged in water, as well as by being ex- 
poſed to heat. I again plunged into water pieces of 
21. | charcoal, 
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charcoal, both perfectly and imperfectly made, af. 
ter having been ſome days expoſed to the open air, 
and found that the air they gave out in this way was 
in both caſes common air. It is evident, there- 
fore, that the degree of phlogiſtication in-the air, 
expelled by heat, is owing t to the OI} rad 
the charcoal, Ye 
Having repeated the Abbe Fontans's experiments 


by introducing hot charcoal through mercury, into 


veſſels containing different kinds of air, and being 
willing to recover by diſtillation the mercury that 
had been imbibed by the different pieces of char- 
coal, I at the ſame time took ſome notice of the air 
that came from them. The quantity of air was 
very conſiderable, but 1 took no exact account of it. 


With reſpect to its quality, it was partially phlo-- 


giſticated, the ſtandard” of it being Os: 125 
m the laſt that came was inflammable. 

In my experiments relating to I air, 
I made ſeveral on the decompoſition of charcoal in 
the ſun, the general reſults of which are there men- 


: 


tioned; but as the particulars were not many; 1 


ſhall here recite them. It is only to be obſerved, 
that at the time that I made them I was under a 
miſtake with reſpect to the origin of the air I pro- 
cured, "imagining it to proceed wholly from the 
charcoal 5 whereas I afterwards found that a degree 
CE, to which I had not then attended, was 
1 neceſſary 
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neceſſary to the formation of that air. Theſe ex- 
periments were all made by the heat Ann in 
vacuo. 

Four grains of charcoal treated in this manner, 
yielded twenty ounce meaſures of air, all inflamma- 
ble, except that it barely made lime water a little 
turbid ; but without any diminution that 1 could 


meaſure; - At, another time four grains of charcoal 


gave twenty four ounce meaſures of air, no part of 
which was-fixed air. 


I entirely diſperſed one grain of charcoal i in va- 
cuo, and it gave ſix ounce meaſures of air, with- 


out the "lighteſt appearance of its containing any 


fixed air. This. charcoal had been long expoſed: to 
the open air, and en that account would give aut 
more air than it otherwiſe would have done, 
Four grains and a half: of charcoal gave twenty 
two ounce-tnieaſures and an half of air; and laſtiy, 
three grains and three quarters gave twenty three 
ounce meaſures and an half of air, without the leaſt 


portion of fixed air in it. 


| T:fhall cloſe this e with on eee in in 
whieh:Iiproceeded' to take the: ſpecific: gravity of 
the: ain which I got in theſe proceſſes, without at 


the: time drawing a very obvious concluſion from 


it. From about two grains and a half of charcoal 


of oak, I got fiſteen ounce meaſures and a half of 
ee, "Wi no part 0 which: was fn: air 


and 


> 
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and weighing this air, I found chat twenty ounce 
meaſures of it weighed four grains and a quarter 
leſs than the ſame bulk of common air. Accord- 
ing to this proportion, the fifteen graitis and an half 
of inflammable air ought to have weighed” 5:96 
grains, which is much more than che weight of the 
charcoal. But though 1 made this very obſerva- 
tion at the time, I did not then infer, that wier 
muſt enter into the compoſition of this air; having 
no ſuſpicion that the water at the bottom of the re- 
ceiver, ſeveral inches below the place on which the 
charcoal was expoſed to the heat of che lens, could 
be attracted by it. Had not ſubſequent experi- 
ments ſhewn me the real nature of this inflamma- * 


ble air, this experiment muſt have remained mex- 
plicable by me. At the time, 1 imagined, I believe, 
that the additional weight of the air was \owing. to 
the extrageous water which it ann 1 
transferred from one veſſel to another. 
Having made the preceding e e with 
charcoal from wood, I made a ſimilar one with that 
from pit-coal, and I found that a piece of it, heated 
in vacuo, yielded four ounce meaſures of air, after 
having loſt ſomething, leſs than a grain in weight. 
The air had in it a ſmall quantity of ſixed air, but 
the reſt was all inflammable. The charcoal had 
been a long time expoſed to the common air: 
Ee 3 _ After 
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Aſter the preceding experiments with charcoal, 
it occurred to me to vary them by making uſe of 
ſoot ; but I. was much ſurprized indeed, to find that 
it was a ſubſtance very different from charcoal, 
with which at firſt ſight it might ſeem right to claſs 
it; ſor it contained a portion of pure air. A quan- 
tity of it being put into an earthen retort, and ex- 
poſed to à ſtrong heat, yielded air ſo pure, that 
with equal. quantities of nitrous air, the teſt was o. 5, 
a degree of purity far exceeding that of common 
air. There was, however, ſome inflammable air 
mixed with it, which * it burn ae 
blue flame, | 
Taking ſane. of this foot Goon mich: air had 
bean expelled: by heat, I again expoſed: it, to the 
heat of 4 burning lens in vacuo, and from a grain 
and a half of it got fix ounce meaſures of air, all in- 
flammable, and burning with a blue flame, without 
any fixed ajr in it. It was, therefore, aſter the for- 
mer experiment, a true charcoal, but not before. 
Some experiments I made with Homberg's Pyro- 
aha, being ſimilar to thoſe made with _— 
I ſhall add them here. 
Homberg's Pyrophorus is a; ſubſtance liable to be 
ſpoiled by expoſure to the air. I prepared ſome of 
it, with a view to obſerve what it imbibed from the 
wg and with it I maſh the be experiments. 
| It 


- 


Seck. IT. 7 CHKRCOAL, a 


It was compoſed of two parts burned alum, one of 
ſalt of tartar, and one of charcoal. About two 
ounce meaſures of this pyrophorus I ſuffered to 
burn in the open air; and then in an earthen retort, 
I extracted from it 144 ounce meaſures of air, of 
which one half at the firſt was fixed air, but at the 
laſt very little. The reſiduum of the firſt portion 
extinguiſhed a candle, but that of the laſt burned 
with a lambent blue flame. When examined with 
nitrous air, both the n. were of the ſtandard 
of about 1.8. | 
The pyrophorus was then 12251 two' 0 in the 
retort, with its mouth in mercury, and then being 
taken out, it preſently grew hot, and burned as well 
as ever. Immediately before the burning it weighed 
428. grains, immediately after it 449 grains. Hav- 
ing been ſpread thin, and expoſed to the atmoſphere, 
the next morning it weighed 8 28 grains; but when 
well dried, it weighed only 486 grains. It was 
then ſubjected to a greater heat than before, and it 
yielded 110 ounce meaſures of air, the firſt portions 
of which were half fixed air; but the laſt contained 
very little, and burned with a lambent blue flame. 
The ſubſtance then weighed 396 grains. 
Afterwards I took a quantity of pyrophorus, 
which would not take fire in the open air, and heat- 
ing it in an earthen retort, found five ſevenths of 
the firſt part of the produce fixed air ; but this pro- 
Ee 4 portion 
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a portion gradually diminiſhed, til at laſt nine tenths 
of the whole was inflammable air, burning with a 
lambent blue flame. This inflammable air being 
decompoſed with an equal quantity of dephlogiſti- 
cated air, yielded 0.86 of a meaſure of fixed air. 
Another quantity of pyrophorus, which had 
burned very. well, and which, during the burning; 
and in two days expoſure to the atmoſphere after- 
wards, had acquired 132 grains in weight, being 
again expoſed to heat in an earthen retort, gave an 
hundred and eighty ounce meaſures of air, of which 
the firſt portion was three ſevenths fixed air, and 
the reſt phlogiſticated. But afterwards one half only 
was fixed air, and the reſt inflammable, burning 
with a lambent flame, and at laſt it was wholly in- 
flammable, When this pyrophorus was cool, it 
took fire again by expoſure to the open air, but not 
without the aſſiſtance of ſome external heat. It 
had been red hot through its whole maſs at the firſt 
burning of it, and had continued ſo a-confiderable 
time, after which the ſurface of it was ſlightly co- 
vered with white aſhes ; but all the n was as 

5 . en _ LIVES 


: 17. 4 1 


* 
Ly TC 


SE C- 


% 
k ' 4 a + 
Sec. III. - CHARCOAL i” 
E o 


of the Chart of Mas 


TAVING Suni Germ, pi 1h e | 
water, through a copper tube, I was willing 


to try the effects of ſpirit of wine through the fame 


tube when red hot, as I had before procured in- 
flammable air by ſending the ſame vapour through - 
a red hot tobacco pipe. In this caſe, the vapour 
of the ſpirit of wine had no ſooner entered the hot 
copper tube, than I was. perſectly aſtoniſhed at the 
rapid production of air. It reſembled the blowing 
of a pair of bellows. But I had not uſed four 
ounces of the ſpirit of wine before I very unexpect- 
edly found, that the tube was perforated in ſeveral 
places; and preſently afterwards it was ſo far deſtroy- 
ed, that in attempting to remove it from the fite it 
actually fell in pieces. The inſide was full of 2 
black ſooty matter reſembling lamp black.. 
| Upon this I had recoutſe to earthen tubes, and 
found, that by melting copper and other metals in 
them, and tranſmitting the vapour of ſpirit of wine 
in contact with them, different ſubſtances were 
| I formed 
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formed according to the metals employed. The 
new ſubſtances hereby formed may be faid to be 
the ſeveral metals ſuperſaturated with phlogiſton, 
and may perhaps not be Nr calle the 
charcoal of the metals, 

That this appellation is not very improper, may 
appear from theſe ſubſtances yielding inflammable 


air very .copiouſly when they are made red hot, 
and the ſteam of water is tranſmitted in contact 


with them, juſt as when the charcoal of wood is 


treated in the ſame manner. 
In order to make farther obſervations on the 


nature of this proceſs, I put the copper into an 


earthen tube, on which J had not found the vapour 
of ſpirit of wine to have any action, though itſelf 


was decompoſed in paſſing through it, being chiefly 


converted into inflammable air. 

In the firſt experiment I ſent three ounce mea- 
ſures of ſpirit of wine over two ounces of copper; 
in a degree of heat that kept it juſt melted. This 
Vas attended with a copious production of ſuch air 
as would: have come from the ſpirit of wine only. 


But what ſyrprized me moſt in the reſult was, that, 


though the copper had loſt no more than twenty 
eight grains of its weight, I actually collected 446 
grains of the charcoal; chiefly in the form of pow- 
der, though ſome of it conſiſted of large flakes, 
ſeveral inches long; N. been ſeparated at once 


from 


„„ 2. 


$82. II. | CHARCOAL. | | 427 


from the whole 3 melted copper. Theſe 
pieces bore handling without any danger of break - 
ing, and were nearly quite blacæ. 
In another experiment I got 908 ee 
coal from nineteen grains of copper. But this was 
from copper in thin plates, and they were not all 
converted into perfect charcoal, there being ſome- 
thing harder, and 1 metallic in the 
centers of them. 
Much of the charcoal was diſperſed. and. loſt in 
the fine black powder with which the air was load- 
ed; and as in what I collected the copper was only 
about a ſixteenth part of the compoſition, -I think 
I may, venture to ſay chat, in reality, it was not 
more than a. twentieth part. In this reſpect it re- 
ſembles the charcoal of wood, or of pit- coal, in 
which the aſhes bear a very ſmall proportion to the 
inflammable air, or phlogiſton, of which the bulk 
of the charcoal conſiſts. This charcoal of copper 
was alſo as inſoluble 1 in acids as that of wood, and 
it likewiſe reſembles it in other reſpects. 
When the heat in which this proceſs is conducted 
is great, the minute diviſion, and volatility of this 
charcoal, is very extraordinary. Seeing it iſſue from 
the end of a tube in a denſe black cloud, I endea- - 
voured to collect it in a large glaſs balloon. But 
after having given the balloon an uniform, but very 
thin black coating, not diſtinguiſhable in its ap- 
| pearance 
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formed according to the metals employed. The 
new ſubſtances hereby formed may be faid to be 

the ſeveral metals ſuperſaturated with phlogiſton, 
ang 
charcoal of the metals. 
That this appellation is not very improper, may 
e e eee eee, 

air very copiouſſy when they are made red hot, 
and the ſteam of water is tranſmitted in contact 
ONT WI Nepp de e- 
treated in the ſame manner. | | 
In order to make farther obſeivitions"'dn- che 
m cf dg procels I put the copper into an 
earthen tube, on which I had not found the vapour 
ol ſpirit of wine to have any action, though itſelf 

was decompoſed in paſſing through it, uin W 
converted into inflammable air. 

In the firſt experiment J ſent three ounce mein 
schi ofininsvver_ ee ses 0. ophitih* 
in a degree of beat that kept it juſt melted. This 
was attended with a copious production of ſuch alt 
a would have come from the ſpirit of wine only. 
But what ſurprized me moſt in the reſult was, that, 
though the copper had loſt no more than twenty 
eight grains of its weight, L actually collected 446 
grains of the charcoal; chiefly in the form of pow- 
der, though ſome of it conſiſted of large flakes, 
e inches long; N ſeparated at once 


from 
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ing, and were nearly quite black. 
| In another experiment I got: 306 grains of char- 
coal from nineteen. grains of copper. But this was 
F 
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"Much of che charcoal was, diſperſed, and Iod in 
the fine black powder with which the air was load- 
ed; and as in what I collected the copper was only 
about a ſixteenth part of the compoſition, I think 
1 may venture to ſay that, in reality, it was not 
more than a. twentieth part. In this reſpect it re- 
ſembles the charcoal of wood, or of pit- coal, in 
EF 
inflammable air, or phlogiſton, of which the bulk 
of the charcoal conſiſts. This charcoal. of copper 

was alſo us inſoluble in acids as that Fe. 
ik likewiſe reſembles it in other reſpedts, . 

When the heat in which this proceſs is c. 

is great, the minute diviſion, and volatility, of this 


charcoal, is very extraordinary. Seeing it ifſue from 
the end of a tube in a denſe black cloud, I endea- 


voured to collect it in a large glaſs balloon. But 


after having given the balloon an uniform, but very 
thin black coating, not diſtinguiſhable in its ap- 


pearance 
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pearance from vor, it iſſued from che orifice Hike 
denſe ſmoke. I then connected with it ſeveral 
adopters, and other veſſels, to which it gave a ſimĩ- 
lar coating ; and laſtly, I plunged the tube out of 
which it finally iſſued, very deep in a veſſel "of 


| water,” But ſtill the air came through che water 


loaded with the fame denſe ſmoke, and very little 
of the matter could be collected“. I was therefore 
ſatisfied, that the only way to collect any conſider- 


able quantity of it, was to make uſe of a degree of | 
heat juſt ſufficient e the copper red hot, of | 
rather juſt melting. 
720 gde er u e Toad) alway 
the production of this «Charcoal as ſpirit of wine. 
In this proceſs T got 120 grains of charcoal from 
fe grains of copper, notwithſtanding a very denſe 
black ſmoke with which che air was charged, and 
in which, no doubt, a great part of che charcoal 


was diſperſed and loſt. 

Having procured this new ſubſtance, I proceeded 
to make ſeveral experiments upon it; and was much 
diſappointed in finding that in common air it w 
on meked by the burning! lens, and that 1 heat 


Urn 7 ; 


eee in the form eee very 
much reſembles that of the denfe vapour produced, by. the decom- 
poſition of inflammable and dephlogiſticated air, of which an ac- 


count was given before, both of them a Ing (79 _ 


had 
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had not (at leaſt in a ſhort time) any ſenſible eſſect 
upon it. But in dephlogiſticated air (as I ſhall 
deſcribe more particularly in the ſection relating to 
fixed air) it burned rapidly, meh 
the whole of it into fixed ar. 

It will not be thought ſurprizing, that 10 ſenſible 
effect ſhould be produced by heating this ſubſtance 
in inflammable or in alkaline air. But being made 
red hot in the latter, the air was inereaſed in bulk, 
and a conſiderable part of it became; inflamamable, 
as it would have been by heating any 
ik. Fr 

Conſidering this ſubſtance as dw uathe 

ing engaged at the time of my diſcovery of it, in 
Ho of water paſs over charcoal of wood, 
confined in red hot carthen tubes, I treated. a; quan- 
tity of this charcoal | in the ſame manner, and the: 
refule was-ſuch as wight have been expedted, A 
quantity of inflammable air was produced, and there; 
remained a lighter coloured ſubſtancc; which may 
be called the aſbes of the metal. Forty grains of = 
this charcoal were reduced to eighteen by this treats: | 
ment; and J collected about 200 ounce meaſures: 
Lame 
and burned with a lambent blue flame. 

Having firſt en e bee any” 
(owing to my having accidentally- found: that tha 
ſpirit of wine acted upon it) L proceeded to:try: the: 
WNuntup 5 | r 
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was to appearance, equally black with that from 
the copper, and the veſſels in which it was received, 
ſo minutely divided, acquired the ſame black coat- 


ing, the larger maſſes of this charcoal of ſilver were 


much whiter than thoſe of the copper. 


Sold was not at all affected in this proceſs, not 
being ſenſibly changed, or diminiſhed in weight by 
it. At firſt, indeed, there iſſued a ſmoke of 2 


darkiſh hue, the cauſe of which I could not diſ- 
cover, but it ſoon diſappeared. 


Finding this proceſs to have ſo e 


e e and aus et dl upon g 


imagined that by this means, it might be poſſible 
to ſeparate copper from gold, ſo that we ſnould be 
in poſſeſſion of a new and effectual mode of aſſaying. 


But I was diſappointed in this expectation. I mixed 


ten grains of copper with an hundred of gold; but 


the copper was effectually protected by the gold 
from the action of the ſpirit of wine, and the whole 


maſs came out of the ſame weight ne mae | 


fore it was ſubjected to the experiment. 
I: was not able to procure much charcoal from 


lead. ' Uſing three ounce meaſures of ſpirit. of wine,” 


and near four ounces of lead, I got only a ſmall 
3 quantity 


Part I. 


ginning with luer. This metal I found to be 
affected very much as the copper had been; but 
though the matter with which the air was charged, 


/ 


5 Gag. l. cn 4 


ö quantity of a whitiſh powdery ſubſtance, though 
l fifty eight grains of the lead were miſſing. But the 
y inſide of the glaſs tube, through which che inflam- 
mable air was tranſmitted, was very black, ſo that 
a great part of the lead was probably volatilized, 
and diſperſed, and yet the heat that [ uſed was not 1 
great. | 
Tranſmitting three ounce meaſures of ſpitir of 
wine over 360 grains of melted tin, it was not di- 
miniſhed quite four grains, and the black duſt that 
was collected weighed twenty fix grains. The air 
was very dark. i 
Laſtly, 1 ſent the vapour of two ounce abafura of 
ſpirit of wine over 960 grains of iran ſhavings. The 
_ reſult was, that the air was charged with black par- Wh 
ticles, and the. tron was diminiſhed 2 | | 
weight, but I was not able to collect any 
The iron N . a dark be ca | 
our. | 
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ohe aue relating to the Hack Pride produced by | 


the Agitation of impure Quickfiver. | 


Boᷣ Ie ſound that quickſilver, by 
very long continued agitation, was in part con- 

| ANG . powder, which is often ſeen on 
| the ſurface of it, and which, I believe, is generally 
deemed to be a partial calx of this metal, the mer- 
cury having parted with ſome portion of its phlo- 


10 giſton | in this proceſs. It is thought, however, that 
it is no great proportion of its phlogiſton that it 
parts with in order to aſſume this new form of black 


powder, becauſe it is not poſſible to expoſe it to 
| any conſiderable degree of heat without completely 
| reviving the whole of it. Even mere trituration 
V On this 


account, 


1 


EXPERIMENTS AND. OBSERVATIONS RELATING 70 


2 
8 


852 F F F 


* 
„ 24 1 5 
+ 


Ser. #4 4 urndonv. 4 433 


account; Ss 6 65 oper ens X 
per calcination, ' but ſuppoſe the mercury only to 
LCs a neto form, really containing all the 
phlogiſton it was ever poſſeſſed of. ” 

Notwithſtanding this, I think ; will appear n | 
the reſult of my obſervations on the ſubject; that 
this black powder is really mercury ſupenphlagiſti- 
cated, having acquired more phlogiſton, inſtead of 
having parted with any that had properly helonged 
to it; that various ſubſtances agitated: together wih 
mercury give it this overcharge of phlogiſtgp, and) 
to appearance reſume it again. I alſo hope d ſhew - 
in one view all the | ſteps, in the complete progreſs 
of mercury from this' ſuperphlogiſticated ſtate to 
its proper dephlogiſticated ſtate, the precipitate pen ſe, 
in which it aſſumes; four very different appearances,; 
For tlie greater | ſatisfa&tion.'of my readers, I ſhall, 
as. I generally have done, relate my CER: 
tullogicaliy, t em bot bidms view N bid . 
Having been under a 0 of oukiog. 18 q 
uſe of quiekſilver:rin: my experiments relating to 
air, in order to ſeparate. and preſerve: thoſe. kinds 
chat would have been abſorbed by water, and being 
frequently obliged to remove my apparatus from 
the country to London, and from; London to the 
country, I could not help being ſtruck wich a quan- 
* of black powder, which I ſometimes. found 
on the ſurface. of; my quickſilver 3 when, at other 
Vor. III. Ff times, 
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times, and, as far as E could judge ih the me cir⸗- 


cumſtances, b found very lutle, or none at alk» I 
was evident, bomever, that whatever was the :caufe 
of this appearance, the agitation. of the carriage had 
conibuted to it; for, except” in thoſt cirtum- 
ſtances, I never found amy of ict. At one time I. 
found, aſter temoving my quickſitver, which was. 
about twelve pounds, from London into the chu. 
try, there was near a pound "of this black pomder 
on the ſurface of it. This I thought a great acqqui- 
ſition, as ĩt EE IO! ang a vatiety uf 

experiments. g M1.! WIR 2 4480. 
| The frit-thing that og: to me to doe with 
it was to endeavour' ta expel air from it by means 
| of heat, --Agcordinglp, I: put a quancity of in 

glaſs phial wir a ground ſtopper and tube; and, 
wich the heut of a candle; I preſently expelled! from 
it a quantity of air; which being admitted to lime 
water made it very turbid, and was, in a great m- 


ſure; abſorbed:; g proof that the ain it had contained 


was in part fixe Air; and tie remainder us not ſo 
much diminithed by nitrous air as common air 
would have. been; ſo chat nb pure air Came from. 
this black powder; and conſequently it diffrred ef- 
ſentially from che procipitata por fe, which would 
have pielded no fixed alt, but the pureſt dephio- 
giſticated air only. I obſerved alſo, ar the farge 
time, that -the powder at the bottom of the phialy 
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which had been expoſad 0 the greneſt degree e 
heat, had bedotne yellow, rh wii evidently 
ſocnething elſe 'thun tod have come from the! 
quickſitver,/but 1 did oe at that” dine diſcover 
goed dent of whe. a 
revive by the proceſgl1 DO HA OY 
Expoſing another dune de this black powder te- 
rod find hear in a glals-veſſel;] J produced a greater 
quantity of fined ait. A oy part off the! black p 
der became yellow at before and (tritirating the 
whole of it in the palm. of my Hand, it Affumed = 
kind! of dirty green cdlpur,. and abut oth half of | 
ir was pretty | readily converted intd | quick fabyers 
pucting chr rermaitider of this gftcnilh powder inp 


a c, abo bie hilf of i became 4 
yellow powder, ànd the feſe whs"ev: 

deing W appeared io — 
filver, -! eich Yo hand n gt uro Yo 2 
en dy liners | FeNecteid/ « cemnpletr Teperütibü | 
dee quickſiver which had ad bischen 
of che powder; and Had d pere diſtin yellow 
fubſtarice' behind; the ature "UE Altach a exper 
enced chetniſt would have immediacy Ain gun 
ed; and 1 diſcobered c ſoen dfierwatds T Piel 
Emily concluded; that, notwithflanding® this yellow = 
ſubſtance (cermet/ito” be! produced from the quilts 
ver, and had great ſpecific gravity," it was" tot of 


OY Fro "the 


436 | OBSERVATIONS: ON Part . „ 
the nature of precipitate per ſe, becauſe it had. yielded. 


fed air. With another part of the black powder 


1 ſound That the fixed! air it yielded was ſeveral: 


times the bulk of the powder, but I did not aſcer- 
tain, with exaRneſs what the proportion was. 

Being ſtill ignorant of the' conſtitution of this 
black powder, and being; conſequently, unable with 


certainty. to, procure” a quantity of it, I conſidered: 


whit other | ſubſtances into which mercury enteted 
had the ſame appearance, and among others I ſuſ- 
pected that Aifhiops mineral, which is a compoſition 
of mercury; and ſulphur, might perhaps be the ſame; 
thing, and if ſo, it might be eaſily-procured in any, 
quantity for the purpoſe of future experiments. 
But.I. preſently found that this ſubſtance, treated in 
the fame inanner in which I had treated my black 
mercurial powder, yielded no air at all. 


Diſappointed in this expectation, and being very. 


deſirous of procuring a quantity of this black pow 
dier, I took ſeyeral quantities of this quickſilver, in 


therefore, as I hoped, in the ſame, ſtate in which it 


I. putſit into ſuch earthen pots as J had before made 


ule/of in conveying it from one place to another: 


and 
. Fo . 


2. 0 + * 
| . 
4 * 5 f . 1 
5 4 \ ; 


the: fame ſtare in which b had generally uſed, it, and | 


bad. yielded te black powder before; and in order 
toſkreat i as nearly as poſſible in the ſame manner, 


F  BOangWorrECSELEES 


farther, to promote a more * diviſion of 


8 
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on which I knew it could have no:chemical action, 
into the pot along with; it. 1 then put theſe: pots 
into ſmall boxes, and procured them to be faſtened. = 
to poſt, chaiſes, and other carriages, and hüg em 
brought to me again after- they had under ut 


N 
| leaſt, as much agitation. as the former quickfilver 
N had done in its paſſage from London ta Wiltthire, - 
þ But this produced no ſenſible effect j the.quickſiler, 
5 as it appeared aſterwards, ge A 


that purpoſe. 5 
At length it dete me that 8 
having been uſed ger a great variety of Purpoſes, | 
and conſequently having bern expoſed to a great 
variety of impregnations, it might have got ſome 
metallic ones, and particularly from ſead or tin. I 
therefore diſſolved a ſmall quantity of lead in ſome 
mercury, and preſently found - that à very ſligint 
agitation covered it with black pov der, and ohſcured 
all the inſide of the veſſel. +63 nn e e 
Being now in poſſeſſion of vag hac been iu long 
the object of my wiſhes, and bein able to produfe - 
this black powder at pleaſure, I. wn preſentiy d. | 
8 it to other abſervations both euriong and. 
BA o q 10 bai Vis 551 10 (118. eee 
15 aue to we be nature and progreſi cot 
this operation to more advantage, I filled a glas 
phial, of about ten ounces, one fourth part full c 
W and lead; and inder 


* 
, 


4 
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in a baſon of the fame, I agitated tenth aj 


and preſently found that che air within the phial was 
fenfbly diminiſhed, an evident proof that it was 
phiagiſticated; and in about ten minutes the dimi- 
nutiun amaunted to one fifth of the whole, after 
eee effect upon it. 
Examining this air, I found, a8 I expected, that it 


phlogiſticaced; not being at * n 
air., 
„1% non, fully ſatisfied An dn te 
have called « proper pblagiſtic proceſs with reſpect to 
nit, ſimilar to the calcidation' of metals by heat; 
when mertury and lead were thus reduced to an 
to ptoduce the calcination of one df them, at leaſt; 
and, a I then thought, of both, agreeably to the 
common opinion concerning the nature of the black 
dre moreuryy, " | 30. 081719146: 1 tu Win N 
I ns abundantly me! in my ſuppoſition, 
(bj finding that when; inſtead” of common air, I 
agitated this amalgam in 
flammable air, or in any kind of phlogiſticated air, 


air remained unaheyed, When, indeed, I agitated 


this amnlgam in nitrous air, the ſurface of it pre- 


W nnn bur this oon nearly 


4 dif- 


% 


=> & . » Q@ H 


extibguilhed'2 candle, Indeed it was complaely 


in fixed: air, nitrous air, in- 


no'blagkc powder was producnd, and thoſe kinds of 


— 
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e no further agitation produced any 


ſenſible effect. But when, on che contrary, I made 
this agitation in dephlogiſticated air, the black pows+ | 
der was generated exceedingly faſt, and the air went 


on-diminiſhing,, till What remained was eee 
leſs than the whole. 17 
, Ie now.decurred 15 me des, iy hes of ahi 


agitation, I might expel the whole of any quantity 


of lead, or other metals, ſrom the mercury with 
which. they might be mixed; and J ſoon foung. it 


to be an ealy. and excellent method, not at all in- 


ferior to diſtillation. As I have repeated this pro- 


ceſs many times, and always, haye recourſe to it ; 


when my mercury has aocuiredi any metallic Mix 
ture, I ſhall deſcribe the manner in which I find it 


is moſt expeditiouſly done: thaugh a novice in che Wl 
plpceſ. malt dag gaeck 10 forngnd, perſejaly wal e 


at the firſt trial. FUBRL 
Ike g Gill phial, wich a ground: rapper {ſuch 


being generally pretty ſtrong) containing ten of 
rwelve ounces of water, and: fill; about one fourth 


of it with the foul quickſilver; then, putting in che 


ſtopper, 1 hold it [inverted with boch my hands, 
and ſhake it violentliy, generally ſtriking: the hand 


that fupports, it againſt my thigh. When I have 
given it twenty, or thirty ſtrokes, in this manner, 
Lake pu ths Hoppers 9 Menon On. 

Ff 4 "O08" 


. 


* 
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a pair of bellows, which I do in order to change 
the air that has become in part phlogiſticated, and 
Og i the puree Ry COIN 
ceſs advances, 


- Aﬀer n Give, if the ib mai” 


the ſurface will not only become black, but a great 


ty of the upper part of it will be, as it were, 
. ſo as to be eaſily ſeparated from the 

1 therefore invert the phial, and covering 
2 mouth of it with my finger, let out all the 
mercury that will flow eaſily, and put the black 
coagulated part into a cup by itſelfl. This I preſs 
repeatedly with the end of my finger, till 1 make 
a complete ſeparation of the running mercury from 


dme black powder; and putting the powder by it- 


ſelf, 1 pour back the mercury to the reſt of the 
maſs out of which it was . ee "_ 
agitated with it again. 


it "Thiwyroces'l repear du F+664/thas/no- ice 

black matter eun be ſeparated; and: it is not a lit- 
tle remürkable, that the operator will be at no loſs 
to know when the proceſs is completed. For the 
fare quantity of lead ſeems to eome out of it in 
val times of agitation, : and conſequently the whole 
becomes pure at once. Alſo, whereas, while the 
keull was in the mercury, it felt, as I may ſay, like 


"ſoft chi, the moment the lead is ſeparated from it 
UN? 3 | F 5 15 9 ll W 


* 
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it begins to rattle as it is ſhaken, ew | 
„ eee term ny 3 
enough *. 4 WH 54 £32 
That this” manu Us made" n Ns Shen] 
proceſs” I aſcertained by diſtillation. For having 


diſtilled in a glaſs 'veſſel a large quantity) of 


quickſilver, in which both lead and tin had been 
purpoſely diſſolved, and which had only been agi- 


tated in this manner afterwards, I found nothing 


mhh nn 
retort. - 1.5 50 LA : 
When a quantity of the black poder j prochr- 
ed, it is very eaſy, by diſtillation, to ſeparate the 
mercury from the calx, and I do not know a readier 
method of procuring the ealx of lead, or tin, and . 
perhaps the calx of other metals alſo. The quan-. 
tity of black mercurial |powder is very conſiderable 
in proportion to the lead or tin mixed with it; 
though it is not eaſy to aſcertain this with exactneſs, 
becauſe; in endeavouring to ſeparate the powdet | 
from the running mercury a good deal of it is, by 
e ee converted into running mera 


o Pure mercury may allo be Jiſtinguiſtied from tat which e 
very impure hy this circumſtance, wiz. that a mixture of 
tin, at leaſt, very much diminiſhes its attraction of cohefion, or, 
when pure mercury is contained in a" glaſs or earthen veſſel, there 
will be a hollow ſpace, between the metal and the veſſel ; whereas 
if there be lead or tin in it, the whole ſurface, even jo the pork of 
8 the veſſel, will be * led. 
and 


and I do not know but: that, in time, the whole 
might be reftored by this means, and che calt of 
lead, &c. be got quite pure. However, from the 
following experiments it will be ſeen what propor- 
tion they generally bear to each other, after, a tor 
erably careful ſeparation. It will be ſeen alſo, / that 


black powder is expelled from lead. or tin by heat, 
there will remain more weight of the calx than 
there was of che metal; as might be expected. But 
as I applied more heat than was neceſſary; to ſeparate 
| the quicklilver, a good deal of the air, and what- 
ever elſe contributes to the additional weight of the 
ndnd expelled with it. 

{ Having mixed one pennyweight / af lead wth 


Shout five pounds of quickſirer, 1 expelled it al by 5 
agitation, in the method deſcribed above; When, 
weighing the black powder, it was found to be one 


2 ten pennyweights, five grains, ſome parti 
cles of the running mercury being, however, {till 
yiſible in it. When the quickſilver was expelled by 


Brains. 
„ "Having mixed one ds tin. with the 


10 ing expelled it again by agitation, the black pow- 
der, With ſome ſmall globules of quickſilver mixed 


Uns with 
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when all che quickſilver that was converted into 


heat, the calx of the lead appeared in the form of a ; 
browniſh le, yoo weighed one rennen, five 


above-mentioned quantity ol quickſilver, and hav- 


at leaſt four times the labour, . 
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grains, and the calx, which was a tolerably whize 
powder, weighed one pennyweight, ſeven grain. 

The ſeparation of tin from gquick(ilyer by. agitar 
tion a eres pear 2 08h a leads, 1; requires 
It alſo requires pro- 
portionably more time 60. Spry gh the. black pow- 
der. from the thick amalgam, in the 8 
ſcribed above. Dy es 

Quickſilver is ſeparated "Hom lead. or tin i 


with it, weighed two ounces, one pennyweight, five | 


the maſs is agitated in water, as well as in air, but ! 


it ſcems to require. more time: In this proceſsit is 
alſo eaſily perceived. when all the baſe, metal is ex-: 
pelled ; the phenomena of the agitation . of this 
amalgam and of pure mercury in water being-very 
remarkably different. It is even eaſy to perceive, 
by this means, in a moment, whether the quick- 
ſilver be pure or not. For if it be impure, the wa- 


mences, "which is by no means the caſe with pure 
quickfilver, eſpecially if the water in which it is 
agitated has not been uſed for this purpoſe before, 


Alfo, the black matter ſuſpended in the water in 


which pure quickſilver has been agitated is (except 


in a caſe that will be deſcribed hereafter) preſently 
depoſited ; whereas the water in which'the amalgam 
has been agitated does not become clear in ſeveral 
days. Ir may atfo be perceived how the quickſiler 


o * . 
£ " 
bu 
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approaches towards purity, by this depoſit my 
made more or leſs readily, 7x. 

Alfo, the phenomena during the Keaton in 
theſe two caſes are ſtrikingly different, though not 
eaſily deſcribed in words. More eſpecially, the 
mixture of quickſilver with lead or tin does not ſeem 
to admit the water to mix with it, whereas pure 
quickſilver, by violent agitation, may be ſo tho- 
roughly mixed with the water, that it will ſome⸗ 
times be ſeveral ſeconds after the agitation is diſ- 
continued, before it have entirely diſengaged irſelf 
from the water; and in doing this it &thibirs a very 
pleaſing ſpettacle. By this means, as in the proceſs 
without water,” it may be perceived at once when 
the ſeparation of the baſe metal, and "the 1 
is completely effecte 0. 
Having a a large quantity of water WO very black 
with the agitation of a mixture of quickhilver and 
lead, I agitated a quantity of common air in it a lo 
time, and let it ſtand ſeyeral days; but the air was 
not ſenſibly injured, by this means; ſo that though 
this water and the, calcined. amalgam ſuſpended | in it 
do contain phlogiſton, it is not by Apt means im- 
parted to the Aire”, Yo boon - oc 

9 evaporated a pint of the diſtilled water in 7 
: E and tin had been agitated, -and which 
3 Al it. was ada when a white 


: NI 210 100 8 | ſediment 
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ö 


o 
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ſediment remained, but it did not weigh more than 

a few grains. Eg - 
N. B. It may be n in 

making this black powder, the phial in which the 


lead and mercury are ſhaken, grows very warm, 


as the coagulum of the two metals (from which the 
black powder is preſſed) begins to form, and that 
in ſqueezing this coagulum in a cloth (which ; is the 
readieſt method of ſeparating che running 
from the black powder) it ſuddenly becomes fo hot, 
that I could ſomerimes hardly Bear to handle it. 22 
For the information of thoſe W maß wiſh. to. 
repeat theſe experiments, T would obſerve, | 
uſing as much mercury as 1 can conveniently 


in a phial contathing about three: pints of water; P. 


have got, with four hundred concuſſions aſ the 


lows: after) every hundred ene near eight 
eunces W e i d % GU ne 


— * 14 7 A FIR ; wg? Las Ew : | ft 910 
a q Ah? 2 1 „ * 
uh 28s: 13503 37-26 03 
R * * * ; * — ' 
YM ed vutl 3otew 10 ine 1k rr 
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amalgam (blowing into the phial with a pair of bel 


7 


— . — - — — —_— 
ä = 
— 
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for this purpoſe, the ſame effect was produced much 
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ION, in Pure. \ water ieee the 
ureſt quickſitver. into black powder, and. 
1 than it. can be, effected in air; | 
but when chis is produred in water, this Rate of e = 
N is not permapent, But it will give my 
reader dad, pe mln? 10 N ns 
of this, proceſs. juſt as iy oecurredi oo me. | 
1 agicated 2 pound of pure quichſiluer a fo 4. 
nutes in diſtilled waters; when I obferbed that the 
water had become opake, wih purucles of a black 
matter, ſo as to be impervious; to the liglit. This 
proceſs I repeated ſeveral hou0), changing the wa- 
ter as it became black. 

When any quantity of water had been once uſed 


ſooner than it was with freſh water ; ſo that, though 
the freſh water and this could not be diſtinguiſhed 


by the eye, it was preſently perceived which water 
_ been uſed before, 


= : 
ww / 


[ 


LC 


After 


of matter; am acroumt of which: will be: ne, lern- 
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Aſter E had continued this proceſs, which ui in 
a tem clunce;phiah, With 4 emu ant Roper, abtiue 
four or five hours, though with ſome in 

End that the quickſier had loft. tyd penny- 
weightz ai ita weight. But, agitating it again line; 
more chan an hour, with the fame water that þ hach 
uſed: heſane. [found it had: nh in, en ee 


weights. „ 1 n e 


This proneß went on doe, bea e e 
on four! times the bullc.of water with the: quiickſilweru;; 
That the sir contained in the; phial togerher wich 


| the watethad nothing to tlorin-this bufibeſs wh eri 
dent, becauſe the very ſame effect as profiuged 
hen the phialb was filed up with water anl. fo av 


to exclude) all Ihe ain 5/ahd this is elit) nitanorg im 


which I genrrally malte this 'experimantzi griirisy ao? 


Thi black matter diffuſed through the-uiatetr he- 
camey white running mercary when: it is expoſed ta 
the open / ait nly. Na triumation ori op. of | 
am kind, is requiſite fon this purpoſe!!! a 1 Twordw - 

FTha water in which this pure quiclaſihar ui beets 
agitated. acquired a peculiar ſmelt and taſte, not: 
cafy to he deſcribed. When a pint of it was) eya- 
porated to dryneſs, there remained a; ſnnalb quantity 


after. Common. air agitatod in this water wat nat 
ſenſily diminiſhed, bn eee 


ſibly injured by it. LI Md 5 110006 134, ich * 
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ob K fi mai: 
[FAT TION, ju pure water il core the. 
ae e ano. black | powder, and 
rag ee than it can be, effected in air 4 
but when this is produced: in water, this ate of the , 
quickfilver ĩs not permanent. But it, will give mx 
reader. more ſatisfactions if L v apc 
of this, proceſs. juſt; as they occurred; id me. | 
- | agitated 2 pound of pure quickſilver a fo * 
nates in diſtilled water, when 1 obſerved that the 
water 2 wih particles of a black 
matter, ſo as to be impervious; ti the light. This 


. proceſs I repeated ſeveral hours, changing the Wa- 


ter as it became black; 
When any quantity of water had been once uſed 


for this purpoſe, the ſame effe& was produced much 


ſooner than it was with freſh water; ſo that, though 
the freſh water and this could not be diſtinguiſhed 
by the eye, it was preſently perceived which water 


b before: 


/ 


- 


After 


. * # 
= by * 1 PF 4Y . 
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After; L had continued this proceſs, which was in 
a ten qunce phial, with 4/ground-glaſs ſtopper, about 
four or fre -hours, though with ſome interruptiun, 
Em that the quickſilxer had laſt tyd penny- 


more than: an hour, with the fame water that Þ hack 


uſed bitfoite ; Llenand.ie ad: loft in. n . 

weights. 710 130 9 Hop 13 3 RI 

This progeſ went ie bed when 1 bite 

on four times the bulk Of water with the-quickſilweru;; 

That the air cortamned-in the; phial tagethen withy 
the water had nothing to dom this buſineſ Was evi 
dent, becauſe the very: ſame effect was protiuegd 


when the phaah was filled u wirh water dnl, oa 
to exclude all he air and this is tlit nano im 


vbich I ganerally malte this experiments] 17 cy)» 
This black matter diffuſed through the witer he 


cames white running mercury when: it is expoſed ta 
8 _w_ Na trituration or ee eg 8 


nr eee 
ſunt; acquired a peculiar! ſmeil and dale not: 
eaßy to be deſcribed. When a pint of ir v eva- 
porated to dryneſs, there! remained: ſinalb quantity 


after. Common. air agitatod im this water was; not 
ſenſily diminiſhed, and therefore E condlude: nbt frm 


libly injured by t. ann wel * tome 1 4 


| Spirit 
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Spirit of wine ſeems to Ader this purpoſe/gs" 
well as water, but not oil of turpentine. I ex- 


poſed thein, together with various other things, to 
continued agitation in a mill, for ſeveral months; but 
when the phial containing them was examined, nei- 
ther the quickſilver, nor the oil of turpentine, was 
ſenſibly changed. Of theſe obſervations I ſhall give 
a ſeparate account, at the cloſe of this article. 

Hitherto I was entirely ignorant of the real na- 

ture of the black powder into which mercury is con- 


verted by agitation in water, and rather took it for 


granted that it was a partial calcination of that me- 


tal though I might have recollected, thai o ſuch 
thing as this black powder occurs in any part of 


the proceſs of a proper calcination of mercury, in 


length diſcover the real nature of it by any reaſoning 
or conjecture à priori. But having conſtantly ob- 


ſerved (what it was impoſſible not to obſerye) that 
whenever I ſpilled any of the water containing the 
black powder, the moment it was dry it appeared in 
the form of white running mercury, alſo that the: 


water into the phial, was always found white; with, 
ſmall globules of running mercury, whenever I took. 
it up, after an interruption in my experiments; 
I could not but conclude that this converſion of 
black. | into white mercury was effected by the air, 
| I and 


glaſs funnel 1 made uſe of, in -pouring|this black 


ND Sunn. ee 


4. I. 
and therefore I determined to have this proceſs 
puns de GOT e e 
0 Os er b | 


Accordingly, having a conſiderable quantity of 
this black powder in a little water, enough to pre- 
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vent its becoming running mercury; I poured ſome - 
ol it into a ſmall retort, and evaporating all the wa- 


ter that was mixed with it, while the neck of the 


retort was plunged in water, and admitting as little 


air as poſſible (barely enough to prevent the retort 


from breaking by the ruſhing in of freſh water, after 


the bulk ' of the air had been expelled by the heat 


cloſed/air when the veſſel was cold; and found it to 


meafures ; when one meaſure of the common exter- 


be worſe than common air. For one meaſure of 
this and one of nitrous air occupied the ſpace of 1.33 


nal air and another of the ſame nitrous air occupied 


the ſpace of 1. 27 meaſures. + 


It was evident, however, that, in this experiment, 


the air could only be very partially affected by the 
change of che mercury z ſince a great deal muſt 


neceſſarily have been admitted after all the heat 


had been applied; and the newly admitted air muſt, 
of courſe, have diluted that which had been affected 
by the proceſs. I therefore made the following 


more deciſive. experiment, which perſectly agreed 


with, and confirmed, the preceding. 


Vor. III. G g I took 


5 


and vapour within the retort) I examined the in- 


ay 
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I took a glaſs tube, about eighteen inches long, 


and half an inch wide, and pouring into it a quan- 


tity of the water and black powder of mercury, 
turned it every way till it had got a black coating 
in all places. I then inverted it, and placed it in a 
cup of water near the fire, but not ſo near as to con- 
vert the water within the tube into ſteam, and 
thereby expel too much of the air. In this ſituation 
I perceived, aſter ſome time, that the quickſilver 
Was revived, all the tube to which the heat had 


ing the appearance of a looking glaſs. I then ex- 
amined the air in the inſide of the tube, and found 


it to be very ſufficiently phlogiſticated. For one 


meaſure of it and one of nitrous air, occupied the 
ſpace of 1.66 meaſures, notwithſtanding a con- 
ſiderable part of the tube had not been ſo much 


heated as to have all the mercury on it revived. I 


repeated this experiment in another tube, and with 
the ſame reſult, the air contained in it being as much 
phlogiſticated as before. At this time the tube be- 
ing expoſed to too great a degree of heat, part of the 
mercurial coating was partially calcined. 
Aſter this it was impoſſible to entertain a doubt 
cotetining the nature of this black powder, - It was 
_ evidently mercury ſuper-phlogiſticated, or which had 
acquired more phlogiſton than was neceſſary to its 
ſtate of white running mercury, But it remained to 


reached having now got a white coating, and hav- 
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be inquired whence the mercury could have received 
this phlogiſton. That it might have been commu- 
nicated from the ſpirit of wine in the experiment 
mentioned above was probable enough, becauſe ſpi- 
rit of wine is known to contain phlogiſton in abun- 
dance. But it has been a maxim with KHemiſts, 
that water is incapable of forming any union with 
phlogiſton ; and that beſides air, it is perhaps the 
only ſubſtance in nature that is incapable of it. He- 
ever, as the whole courſe of my experiments has 
_ demonſtrated the fallacy of the maxim with reſpect 
to air, ſo I think alſo it has already appeared from 
them, that neither does it hold good with . to 
Water. 
Some may an dat f. che cals of the mer 
cury that the water ſeizes upon, leaving the phlo- 
giſton as an over charge upon part of the remainder. | 
Which ever of theſe hypotheſis is the true one, it is 
a fact, and certainly a very remarkable one, that, if 
the water be warm, though only about blood heat, 
no agitation of mercury in it will convert it into 
black powder. And alſo, if the water be ever ſo 
black with the powder, the mere heating of it, with- 
out any acceſs of the external air, will make it tranſ- 
parent again ; the blackneſs totally diſappearing both - 
from the water and the mercury. If the former hy- 
potheſis be admitted, viz. that the overcharge of 
a is communicated from the mercury to 
G 8 2 the 
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the water, water muſt be of ſuch a nature as to have 
a'ſtronger affinity with phlogiſton when hot than 
when cold, in which, though it be the reverſe of 
moſt other ſubſtances, it has the ſame property, 
however, with air, which receives phlogiſton from 
ignited Bodies, when both the air nnn 
body muſt, of courſe, be equally hot. 7 
Or, laſtly, it may be ſuppoſed (and ſome obſtr⸗ 
| vations that will be recited hereafter prove this is 
actually thecaſe in ſome circumſtances) that during 
the agitation one part of the mercury becomes de- 
phlogiſticated while another part is ſuper-phlogiſti- 
cated, extraordinary as the fact will be thought. | 
I obſerved the effect of warm water in mercury 
in the following manner. Sitting pretty near the 
fire, 'when the weather was cold, I found that my 
agitation of the mercury had not ſo much effect as 
it had been uſed to have; and, reflecting upon the 
ſubject, it occurred to me, that poſſibly it might be 
the warmb of the water in the phial that obſtructed 
it. To try this, I put the phial containing the wa- 
ter and the quickſilver into a pan of water, which 
I made to boil ; after which I took it out of the 
+ pan, and holding it with a couple of handkerchiefs, 
agitated it with as much violence as I poſſibly could, 
but I found that I might do this as long as J pleaſed, 
without producing any thing like the black pow- 


— . . 
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To n this experiment on the effects of 

bolt, 2s foon as the whole was cold, I ſhook the 
phial again, till the water was to appearance, almoſt 
as black as ink, and placed it in the water over the 
fire; obſerving that the phial was completely filled 
with the water and quickſilver, and that all air way 
excluded, only leaving the ſtopper rather looſe, that 
the expanſion of the water by the heat might not 
burſt it. The effect was that, preſently after the wa · 
ter in che pan began to boil, the water in the phial 
had recovered its tranſparency; and when I examin · 
ed the quickſiver, there. am ao uppoarince of bleck 
powder upon it. The whole had been | 
into white running mercury, and had did with 

the reſt of the maſs of mercury in the phial. Alſo, 
when it was cold, the! blackneſs did not re- appear; 
but the mercury was, in appearance, in the yery 
ſame ſtate, as at the beginning of the proceſs. 
This fact being a very remarkable one, I repeat - 
ed the experiment many times, and in a very great 
variety of ways, but always with the ſame reſult. 
water a very long time (and I once did it on pur- 
poſe a quarter of an hour, with little or no intermiſ- 
on, though in one minute I could make the water 
quite opake with the fame degree of agitation) 1 
have found that it requires a longer continuance of 


W it perfectly tranſparent, and a flight 
6 blackneſs 


454 
blacknefs has remained on ſome parts of the ſurface 
of the quickſilver. But then this was quite trifling 
compared with the quantity of black matter that lay 
upon it before it was heated, ſo that by much the 


e eee IE nen ab- 


ſorbed. | 
Alſo, when I * e the: quickfibees; off 


1 heated the turbid water by itſelf, the blackneſs 


has never failed to diſappear. But ſometimes a few 
globules of quickſilver would remain at the bottom 
of the phial, ſome white, and others black; but 


though the latter were more numerous, they were 


probably only ſuperficially black, and no agitation 
of the phial would ever give the water the turbid ap- 


pearance that it had before; the globules, though 
diſperſed through the water by tlie agitation, ſub- 


fiding in a moment, and falling, like ſo many leaden 


ſhot, to the bottom of the phial ; ſo that the black 
ſurface of theſe larger maſſes of quickſilyer, as they 
may be called, was very ſmall in proportion to the 
ſurface of the infinite number of black molecules 


which conſtituted the clouds of attenuated mercury 


that before had filled the whole ne and made all 
the water in it opake. 

That other perſons may more aflly ſucceed: in 

this experiment, I muſt inform them, that I have 
1 generally made uſe of a ten ounce phial, about a 
3 of | it filled 1 quicklilver, and the - 

| W 
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with diſtilled water, ſhaking it 1 asI can, 
generally giving it ten or a dozen ſhakes in quick, 
ſucceſſion, in the manner deſcribed above ; and then 
waiting till the water; and quickſilver be ſeparated 
from each other, which gives me a Raeder en 5 
val of time to reſt from my labour. 
The above-mentioned experiments may be made, 
with the ſame reſults, by ſubſtituting ſpirit of wine 
for water... Aſter agitating ſome quickſilver in ſpi- 
rit of wine till it was very turbid, I placed the phial 
containing them in a pan of water, and preſently 
after it had boiled all the blackneſs diſappeared. | 
Agitating it again, when it was hot, had no effect 4 | 
and when i it was cold the blackneſs did- not return, 
The black powder thus procured became running 
mercury when it was dry, but it was not ſo bright ag 
that which had been agitated in water. Letting 7 
quantity of it remain ſix or ſeyen hours upon a plate 
of glaſs, on the 1 iron plate of a Bath ſtove, in which 
there was a pretty good fire, it loſt its, metallic luſtre 
and conſiſtence, and became a white powdery Aal. 
Aance, which was completely diſſolved in ſpirit of 
falt, and thereby appeared to be a perfect calx of 
mercury, though it was not ;Sroughy te to, * 1 of 
precipitate per ſe. 1 
Having now advanced another ſtep ; in my. in- 
veſtigation of the changes of mercury, in palin 


from the Juper-plogificated to the dephlogiſtic 
P's ſtate ; 


Part I, 


tate; I went through the ſame proceſs With che 
black powder procured by the agitation of mercury 
in water, covering with it the greateſt part of the 

of a watch glaſs (which I find a very conve- 
nent thing for many ſmall experiments) and placing 
it on the plate of the Bath ſtove, very near the 
fire, ſo that different parts of it might be expoſed 
to different degrees of heat. The reſult of this EX» 


eriment was very fatisfactory and pleaſing; | 
At firſt, as I have obſerved before, the black 
powder became running mercury; but preſently 
after it adhered pretty firmly to the. glaſs, and then, 
looking on the back ſide of it, 1 found it made the 
moſt perfect mirror imaginable, a better, I ſhould 
think, than that which is made with mercury and 
tin. With a longer expoſure to the ſame heat it 
loft its metallic luſtre, and becamie a white pow- 
gery ſubſtance; and with more heat it aſſumed 4 
#rown colour. Yet à quantity of this brown mat- 
ter, though, I doubt not, it was an approach to a 
proper precipitate per ſe, was not wholly diffolved 

in ſpirit of ſalt, fo that the calcination had been im. 
perfect. | SD] | 
It was pleaſing to obſerve the mercury within fo 
ſmall a compaſs as that of a watch glaſs, in three 
of the ſtates above- mentioned, viz. the white metal- 
a ſafe, the white calx, and the brown, or the de- 
oa | phlogiſticated 
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þhlogiſticared Rate On' a larger plate of glaſs all 
de four ſtates tight have been exhibited in their 
natural order, the black powder, or the ſoperphlo- 
giſticated ſtate, preceding the reſt. ' The order in 
which theſe different ſtates of the mercury fijcceed 
each other is a proof of the hypotheſis I Have” ad- 
vanced-on the ſibjeft, pans 
In repeating theſe experiments I afterwards found 
ſome eneeptions to this obſervation. Having a 
large quantity ef this black matter in a' glaſs phial, 
it happened te be broken by the freezing of the 
water with which it was mixed. I did not notice 
it ar the tire, but I afterwards found 4 conſiderable . 
quantity of running mercury in the place where 
the bottle had ſtood, and beſides that a "thick cake 
„„ e to 
be nothing but mercury, as it was ene dif- . 
folved in ſpirit of nie. 
I miſt 'obſetve farther; that ſome of this black 
matter which I procured, by agitating mercury in 
water, has not always become perfect running mer- 
cuty by the evaporation of the water with which 
it was mixed, but has ſornetimes left a black tain 
of the veſſel in which it was contained. This, 
however, has diſappeared by the affuſion' of. ſ #piri 


33 of nitre. 


1 ſhall now mention 15 other eee 
2 to the agitation of water in mercury, the | 
| cauſes 
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. I do not underſtand, and 
| ſome of them ſeem. to militate againſt the hypothe- 
ſis advanced above. "But ee ee par- 
'ticular concern. 
Indeed che greateſt difficulty ike from the fat 
mentioned above, viz. that water which has been 
often uſed in this proceſs has a much quicker and 
greater effect than water chat is uſed the firſt time. 
This is more eſpecially the caſe with water that has 
been diſtilled a long time. This certainly proves, 
that. ſome change has been made in the water as 


VWuoell as in the quickſilver. , But if the, water com- 


municates Phlogiſton to mercury, it might be ex- 
pected that it would ive it more ben at firſt 
than afterwards. Nac ht | 
Alſo, if it be water that e the phlo- 
giſton to the mercury, it might be expected that 
water freſh diſtilled would have a greater effect, on 
account of the empyreuma that it is ſuppoſed to 
acquire by diſtillation, and which 1s known not to 

leave it of a conſiderable time. And, in general, 
| I have, found that water freſh diſtilled ſooner be- 
comes turbid in this proceſs than water that has 
been long diſtilled, but not ſo ſoon as water that 
has been often uſed for this purpoſe. Alſo when 
J have re-diſtilled water that has been much uſed 
in theſe experiments, it has been as readily affected 
25 before the ſecond diſtillation; ; but with this dif- 
ference, 
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nes, thick pode hy bc ch ag 
in ſubſiding than it had been before. 


e eee eee ions ia 
this reſpect. In general, if the water has been 


long diſtilled, and frequently uſed, the depoſit will 


be completely made in a few, minutes; whereas I 
have ſometimes found that the water has not be- 


come clear (uſing the ſame mercury) in three or 
four days. And even, when the blackneſs has diſ- 
appeared, neee em 
know-how long. 


1 found ſome difference, ny 8 


had expected, between water diſtilled with a gentle 
heat without boiling, and water. that was made to 
boil violently during the diſtillation, though both 


were diſtilled in glaſs veſſels. | They both became 


turbid pretty-ſoon, and the quantity of black -pow- 
der was nearly equal from both, in the ſame time; 


but that which had been. haſtily diſtilled depoſited - | 


its ſediment in about ten minutes, whereas the other 


had done it very{imperfe&tly- in an hour. I would 
not, however, be poſitive that a ſecond experiment 
of this kind would have à ſimilar reſult, as this 


circumſtance may n . a, cauſe not pou _. 


veſtigated, j- 9 
There was ſomething eee eee 
dung thas g Um in g ce onde 
| A eee 
| | ; - worm, 


Fg 


4 —_— 


—— 
— 


elder flowers had been diſtilled about a year before; 


whereas the very ſame quickſilver vpitated in 6 
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worm, in the common way; but in which ſome 


ſo that the water had a ſlight ſmell of it. But whe- 
ther this circumſtance has any "thing to do with 


hat I am going to deſcribe; I cannot tell. 


| Agitating the quickfilver in this water, it pre- 
ſently became very turbid, but che ſediment was 
not depoſited in a week, or indeed completely, in 


a fortnight; and then the water retained a white 


cloudineſs. But the moſt remarkable circumſtance 
was that, in agitating the mercury in this water, the 
whole” maſs was preſently: divided into ſmall glo- 
did not very readily unite again. Several times 1 
have found that the mercury thus divided would 
choak up the mouth. of the phial, which is about 
half an inch widr; fo that, holding it perpendicu- 
larly, it would not run out at all in ſeveral ſeconds, 
Ic has even required ſhaking to get it all out. It 
kas then exhibited a ſingular and beautiful appear- 
ance in the cup into which the phial was emptied, 


water, immediately before, and aſter, has been at- 
tended with no other than the common appearance. 
It was alſo remarkable, that this divided maſs of 
meteury, after the moſt violent agitation in the 
water, fell. inſtantly to the bottom, like a quantity 


| el hagen ſhoe; whereas, in general, as I have ob- 
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ſerved;'the mercury and water get intangled in ſuch 
a manfer, that they do nem 
ſeeonds. 

Ain e firſt, thar che power of — 
in the divided mercury, might perhaps have been 
impaired by ſome effect of the ſmall remains of the | 
elder water, mixed with the freſh diſtilled water in 
which it was now agitated, 1 made trial of u 
| water, but without any ſuch effect. A conſiderable 
time afterwards, however, I found. other methods 
of producing the. ſame effect, and even in a much 
more remarkable manner, though I am ftill. at a 
loſs to account for _ em __ of the _ 
nomenon. 

N a 0 containing: hits water imper- 
fectly impregnated with vitriolic acid air, and like. 
wiſe a quantity of the quickſilver on which the im- 
pregnation had been made, I found that when they 
were agitated together the whole maſs of quickſilver 
was divided into ſmall globules, and that they did 
not perfectly re-unite after being at reſt a day and 
night. But when the phial was heated, they united 
as readily as in common water. When it was cold 
again, the mercury was divided by agitation, and 
continued divided, but not quite ſo much as * 
face 
This being an acid liquor, I mage ial 4 | 


but 


 . 
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but the diviſion of the mercury into ſmall globules 
did not-continue very long, and when it was hot the 
effect was inconſiderable. But the moſt complete 
effect of this kind is produced by vinegar. A very 
little agitation of mercury in this acid divides it 
into the ſmalleſt globules ; and they continue with- 
out any apparent diſpoſition to re-unite even when 
very hot. While this divided mercury is in the 
vinegar the globules may be poured from one part 


of the phial to the other exactly like fine dry ſand, 


and they exhibit a ſingular and beautiful appear- 


ance. All the vinegar muſt ann 


before theſe globules will unite. 

Mercury agitated in ſpirit of ſalt, and alſo in a 
volatile alkaline liquor, was not attended with any 
remarkable appearance of this kind. 


I have ſometimes been much amuſed with an- 


other ſingular appearance. In agitating mercury 
in- water, eſpecially when freſh diſtilled (when there 
has not beeri a bubble of air in the phial) large balls 
of yarious ſizes, ſome not leſs than half an inch in 
diameter, have not only rolled upon the ſurface of 
the mercury, after it had completely ſubſided, and 
continued there a conſiderable time, but have flaat- 
ed up and down in the water, like ſoap bubbles in 
the air. Theſe bubbles muſt conſiſt of water in- 
cloſed in a thin pellicle of mercury, for when they 
burſt, nothing viſible comes out of them, and the 


quantity 


[ 
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quantity ol. mercury about hem Winbe ao 05 
be perceived i in e e 
wards. 1 

I may alſo mention, as another pleaſing bes 
menon in theſe experiments, the viewing of a ſmall 
quantity of the moiſtened black powder with the 
microſcope, For in the inſtant that it becomes 
dry, the colour changes; and in fo ſmall a quan- 
tity the change is almoſt inſtantaneous, ſo that the 
black globules immediately become white, and 
beautifully poliſhed ones. 

In order to aſcertain what change had taken 
place i in the water in which mercury had been agi- 
tated, I diſtilled a quantity of it, and the reſult of 
- the experiment is rather in favour of the water 
having ſeized upon the calx of the mercury, than 
of its having parted with any phlogiſton to it. 
Atſter the diſtillation I found a conſiderable quan- 
tity of a yellowiſh reſiduum, which, when it was 
expoſed to heat, on a plate of. glaſs, became quite 
black, and with more heat was brown. Being ex- 
poſed to the open air, it became very moiſt. Put- 
ting it, after this, into a glaſs tube, and expoſing it 
to a red heat, a whitiſh - matter ſublimed from it, 
and coated the inſide of the tube at ſome diſtance | 
from it. This matter was not diſſolved by ſpirit 
* and therefore, Gogh I think, from the 


tet / 


OBSERVATIONS ON Parti II. 


464. 


appearance of it, it was probably a cabs of mercury, 
it muſt have been an imperfect one, containing a 
conſiderable proportion of phlogiſton, 1 5 


SECTION III, 


o the Efie of long en Agitation on Quict- 
Aker. 


1 aide to give quickſilver, i in conjunction with 
various other ſubſtances, a much more, and a 


longer continued agitation, than 1 was able to give | 


them by ſhaking- the phials that contained them in 


my hand, I got a ſtrong wooden box, and had a 


conti ivance in a neighbouring mill to have it agi- 
rated whenever the mill was in motion, which I 
found was, at a medium, about twelve hours in 
twenty four. There was ſome difference in the 
circumſtances of the quickſilver in all the veſſels, 
and I ſhall give a brief account of what I obſerved 
with reſpect; to them. The box was made * 
nt 
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ſen to the mil on the gth of December, 1777, and 
the contents of it mne 10th of May - 


following. 
No. I. An eight ounce phial made a Fe 
per containing a pound of quickſilver, except five 


pennyweights which it had loſt by frequent aglta- 
tion in the ſame diſtilled water with which it was 


now ym oe the water En mor four times 2 


de wich a flle, ro Ee he. height ofthe | 
water and of the he, When it was ex-, 
amined, the water appeared to have been diminiſhed 
one ſeventh in its bulk, having poſſibly made its 
eſcape by the ſide of the ſtopper. The quickſilvet 
had Joſt eighteen grains, which was probably the 
weiglit of the black powder that was formed in it; 
but, what I. thought the moſt extraordinary cir- 
cumſtance, was that the bottom of the phial was 
tinged with a deep orange colour. Not willing 
to put pther water, or other quickſilver into chia 
phial, I made no other trial of the air, than by 5 
letting a ſmall candle down into it, and I. obſerved 
that, to all appearance, it burned very Welle 
Noll. A glaſs. tube hermetically: { ſealed; non- | 
taning,quickfilyer and, diſtilled, water, Which had 
been agitated one month befpre, in conſequence of 
c red deal of black powder had been form- 
Vor. III. Hh ed. 
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ed. This had received an increaſe of black powder, 
and part of the veſſel Was an 
matter above-mentioned. 
No. III. A three ounce phial with a ground op. 
per, containing quickſilver and water ' diſtilled in 
glaſs, about twice the bulk of the quickſilver. The 
ſurface of the mercury was well covered with black 
powder, and beſide this, a good deal adhered to the 
bottom of the phial, and was alſo diſpoſed in ſtreaks 
almoſt ſurrounding it, in, the middle of that part 
of the phial that had been occupied by the ther. 
cury. This black coating, viewed in a certain 
light, appeared of a dirty orange colour.” A en. 
dle burned in the top of the phil. 
No IV. A chree ounce phial wich «ould g 
per, about one fifth filled with quickſilver, without 
water. The quickſiver was well covered with 
black powder, and alſo a great part of the inſide ol 
the phial; A candle burned in it very well. Whe: 
ther this quickſilver was perfectiy pure I cannot 
abſolutely ſay. If it had, J can hardly think there 
would have been ſo much black powder; and yet 
had it beer very impure, the alr within the phial 
would have been phlogiſticated. If the quickſilver 
was pure, che agitation muſt have diſpoſed one part 
of the quickſilver to part with its phlogiſton,//and 
roo part of the lame maſs to have a 
* 
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which the circumſtances in the other "caſts render 
. probable; and if ve admit this hypotheſis, we ſhall = 
de telieved from the ſuppoſition of the water, in 
the former experiments,” communicating the 'phle- 
ces cron ory e gage 
of the black powder,” ues to 
No. v. Nn | 
per, containitg quitkfilver and fpitit of wine, the | 
latter one and & half more in bulk than the fotrners - 
The ſpirit was a little dimintthed in Bulk, the mer- 
cuty had more black powder upon it than there 
was in the phial containing quickſiver and water; 
and a compact body of this black powder covered 
| one ſide of the phial; beginning at the ſurface of * 
the ſpirit, and reaching to the top. f ! 16097 2159 
No. VI. A two outice phial with's ground ſtop- 11 
per, containing meteut, and ofl of rutpentine, about | 
one and a Half ac uch as the Pulle of the" iber | 
cuty. In this there was 10 ſenflble change. 
1 have obſerved that, in the Piel in which | 
quickſilver only had been agitated, and Ale M An- 
other "which had contained "both 'quickfilver" and 
water, there was 4 quantity of browniſh matter ad} 
hering to the, glaſs. Had this" matter Been a Gals 
of lead, mixed with the mercury, the air within 
the phial would certalnſy have been phlogiſticated: | 
enn 
Hh 3 care 
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care to have this mercury pure. I am thereſore 
inclined to chink, notwithſtanding the peculiar man- 
ner in which it was produced, that it was the pre- 
cipitate per ſe. The few obſervations that I did 
make upon it are all in favour of this ſuppoſition. 
When I expoſed it to the heat of the fire; it be- 
came of a deep and proper orange colour, and when 
I expoſed the phial that contained it to a great de- 
gree of heat, but not ſufficient to melt the glaſs, 
the air within the phial was found afterwards to be 
rather better than common air, though not ſo much 
as that I could be abſolutely. certain the ſeeming 
difference might.not have been owing to ne! pore 
dent in making the experiment. | 
But what I think the moſt nearly decifive 4 in fa 
your. of this hypotheſis is, that the phenomena at- 
tending the ſolution of this ſubſtance, , and of the 
, precipitate per ſt, in ſpirit. of. ſalt, are, in all the re- 
ſpects in which I compared them, the very ſame. 
This orange coloured matter in the phials was in- 
ſtantly diſſolved by the ſpirit of ſalt, which, from 
being of a light ſtraw. colour, became cotourleſs 
like water; and when it was afterwards evaporated, 
it left a perfectly white ſubſtance behind. In all 
theſe particulars the ſolution of a ſmall quantity of 
precipitate per ſe was attended with the ſame appear- 
ances. Ale when a beſte of both the rofidue was 
| laid. 


WF 
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laid on a thin plate of glaſs, and expoſed to the 
heat of a candle, they were evaporated in a white 
ſmoke, exactly alike, 

Admitting this "FO to be a true precipitate 
per /e, or a' complete calx of mercury, we may 
perhaps explain the formation of the black powder 
produced by the agitation of mercury in water, by 
ſuppoſing that while one part of the mercury is 
ſuper-phlogiſticated, and becomes black, another 
part of the ſame maſs is dephlogiſticared or te- 
duced'ro'a'calx, which is firſt white,” but would in 
time aſſume an orange colour. And that the 'wa- 
ter diſſolves a part of this calx, ſeems probable 
from the obſervation l OP 
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HAT merrum is yolatile, even in the tem 
perature of the atmpſphere, when its bah 


| 10 eee long eyident from 


ations on the barometer, in ome ol which, 
expoſed. in che ſun, a, perfect, diſtillation is per · 
petually going on; the inyiſible mercurial vapour 
always riſing on the warmer ſide of the tube, and 
then forming into globules, and running down the 
oppoſite ſide, in the form of denſe fluid mercury. 
But the experiments I have lately made ſeem to 
ſhew that this heavy ſubſtance is not leſs volatile 
when confined by vitriolic acid air, though preſſed 
with the weight of the atmoſphere, and that it is in 


ſome meaſure volatile, even when expoſed to com- 


mon air. 


Preſently after che diſcovery of Yitriolic acid air, 


J-obſerved that when the electric exploſion was 


taken in it, which was done by confining it with 


quickſilver, in a glaſs ſyphon, ſo that the electric 
matter 


3 n * nn nm * 
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matter was made to paſs, from the mercury in one 
leg of the ſyphon ta the mercury in the ather, the 
tube. was preſently. covered with a black incruſta · 
tion, and the longer the exploſions were continued, 
the - thicker this incruſtation grew. I had not at 
that time, However, auy ſuſpicion that this black 
matter came from the quickſilver, but imagined 
chat it was altogether formed. from, the vitriolic acid 
air. This I was then led to 3 
being no ſuch appearance when electric 

was taken in marine acid air, though. confined, oy 
mercury, in the very ſame manner. 

- Afterwards, - obſerving. the ſame black matter, 
though not procured with the ſame eaſe, or in ſo 
great a quantity, when the exploſion. was, taken over 
mercury in common air, I could, not help ſuſpecty 
ing that this black matter came from the mercury; 
and this ſuſpicion was confirmed by applying heat 
to it; for it was thereby converted. into white, fluid 
mercury. I thought, howeyer, that it was pro- 
duced by the electric exploſion volatilizing the mer- 
eury, in conſequence of falling directly upon it. For 
though. the heat occaſioned by ſuch an | exploſigg 
ee o ben force, b e Fr | 
tenſe, .;, u. I. 0 Kun n 0 Nils 
That the, explaſion, might pot affect the fluid 
mercury, I next took it between two , iron wires, 
half an inch above the N an 
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de vitriblic beit air confined by it, and ſtill had the 


black matter; which made it evident that the elecF- 


tric exploſion- did not produee the evaporation of 
the mercury, but found the mercurial vapour dif. 
perſed in the ait. I alſo made the ſame experi- 
ment, and with a ſimilar reſult, in common air. 
But in this caſe I could not produce the black mat- 
ter, at leaſt in any ſenſible quantity, at any con- 
5 fiderable diſtance above the ſurface of the mercury 
and in no reſp were the appearances fo ſtriking, 
as when the e 
air. Annu. "SCE +5; 

ale took che electric exploſive need iron wires 
at the diſtance of ſeveral inches above the ſurface of 
the mercury in this! Kind of air, and the blackneſs 


within the tube was produeed juſt as much as it 
had been when tlie exploſion was taken immediately | 


Upon the quickſilver itſelf; and on applying heat 


to the black matter formed in cheſe Were 


It t preſently becarhe: running mercury as before. 
Having taken tlie eſectrie exploſion at various 


flſtances above the ſurface of the mercury by which 


the vittiolic acid air was confined, and always with 
the nme ſucceſs; J at "Lift took it at the greateſt 
diſtance that any glaſs tube 1 had by me woukd 
Hit which was about three feet above che ſur- 


face" of the rercury. But even in this (caſe the 
Mack inatitr as, to all * Naben quite 
a5 


Pars II. 


loſions were a in ee 40 


Selt. IV. © "MERCURY: „„ 
as readily, as when the exploſions had been taken 
ever ſo near to the ſurface of the mercury; ſo that 
the mercurial vapour had completely pervaded this 


whole ſpace of vitriolie acid air, and in a very nor 


time; for I took the exploſions . had 
prepared the tube for the experiment. 


But to be quite ſure that this black rontrera dh ls 


to take the electric exploſion in it when it was not 
confined: by mercury. To do this, I completely ſas 
turated a quantity of water with this. kind of air 
_ confined. in a glaſs tube, in the top of which I had 
cemented: a piece of iron wire, which came within a 
proper diſtance of the extremity of another piece of 
wire, which reached to the bottom of the tube. 
The impregnated water as confined rene en in 
the tube, and in che baſon. ily 1 

| In heſecircurbſtancess all degree of hear mui 
this water ana air; ſo that all the upper 
part of the tube was filled with it, reſting on the 
water only. Between theſe two wires I took large 
electric exploſions a-conſiderable time, but no black 
matter was produced. It is evident, therefore, that 
this black matter conſiſts of mercury ſuper-phlogi/ti- 
cated; the phlogiſton coming from the electrie mattes 
when the exploſions are taken incommonair, but chiefly 
from the vitriolic acid air which abounds with it, 
n in tht gr 3 and this accounts 


for 
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able in this kind of air than in common air. 
But though, in my experiments on eee, Te 
cited before, mercury ſuper- phlogiſticated by agi- 


tation in water, and aſſuming the form bf a black 


powder, becomes white running mercury the mo; 
mont that it becomes dry, this was not the caſe with 
the black matter in this proceſs. - However, when 


I moiſtened a little of it, and dried it again, I thought 


that part of its nenne nen not 
| an. b 
Ethiops mineral is eee nb _ 
em and therefore reſembles the black 'mat- 
ter produced by. theſe electric exploſions in vitriolic 
acid air, and the vapour of mercury; the vitriolic 
acid air alone, as I have ſhewn, becoming ſulphur 
in certain circumſtances. I thought, therefore, that 
this black matter might be a real ethiops3 but when 
put a little of it upon hot iron, I did not per- 
ceive any blue flame to ariſe from it. If, there- 
fore, this black matter be an ethiops mineral, 
the proportion RI deen e 
ſmall, | bod # 

N Kill remained: 25 thi 
diffuſion of mercurial vapour through the vitriolic 
acid air was occaſioned by a proper evaperation, that 


made to aſſume an elaſtic form, and in that ſtate to 
ae 5 I mix 
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for the appearances being ſo much more —_— 


een © 


4 b. N ncvnv. 1 A 


mir wich the zir ; or whether there be 2 chamjca! 
union for mod by the mercury. and this kind of air, 


and jt therefore becomes incorpyrated with it. The 


following experiment forms 0 de in fayour of a 
proper evaporation, _ a1. 


J put a — of mevenry 63 


glaſs tube, communicating with the inſide af the 
phial in which the oil of vitriol and copper for the 
production of vitriglig acid air were contained. 


But thaqugh I heated theſe materials, and continued 


the production of vitriolic acid air in theſe cincum- 
ſtances 2 long time, ſo, that the globule of mercury 
was always kept expoſed to a torrent of this kind of 
air, newly generated, I ſay no proſpect of its being 
at all diminiſhed by it. I therefore conclude thar 


virriolic acid air, does not properly. take up, o 
to comhine with the mercury. .Howeyer, it muſt 


be acknowledged to be difficult to account for che 
quantity of mercury contained in this black matter, 
in whatever manner it becomes. diffuſed through 


the air, conſidering that this globule of mercury 


was not ſenſibly diminiſhed. This, however, might 
poſſibly be owing to its being continually ſurrounded 
with a little moiſture, from. which L could not keep 


it free; owing; perhaps to the oil of vitriol dot being 


ſufficiently. concentrated, ſo that the, watery part 
was thrown off by the heat. 4/1 T6 hn owt 


I alſo 


| 


e  onsrivartons ow Park I 


1 1 allo found much black powder whenever I de. 
compoſed dephlogiſticated- and inflarimable air over 
mercury; and as it was no doubt of the ſame nature 
with that which vas produced by the electric ſpark 
in vitriolic acid air, I ſhall rs area; the Rong 
ror Arete Faun | 

In this proceſs the inſide of the veſſel was als waa 
very Black after each exploſion,” and when 1 poured 
in the mercury after the exploſion, though there was 


 nothing/ viſible in the air within the veſſel, there if- 


ſued from the mouth of it a denſe vapour, ' This was 
even the caſe, though 1 waited ſo much as two mi- 


nutes after any exploſion before I proceeded" ro put 


in more mercury in ordet to make another; which 
if the vapour had been cam, would have been time 
8 than ſufficient to permit it to condenſe into 

I even perceived this vapour hen I had 4 
hes Or of water in the veſſel, and the exploſion 
| was conſequently made over it, as well as in contact 
with the fides of the veſſel which were wetted with 
it; ſo that as this vapour had paſſed” through the 
whole body of water when the veſſel was inverted, 


ie is probable that it muſt have conſiſted of ſome- 


ching elſe chan mere water. But I was never 
able to collect any quantity-of it, though it muſt 


have been ſomething r by the u union i of the | 


dwo kinds of air. * 
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In order to collect a quantity of the matter that 
formed this yapour, I contrived the following appa- 
ratus. In a cork (a) Pl. VII. fig. 3, wich which 
I could ſhut the orifice of the ſtrong glaſs veſſel (5) 
in which the exploſions were made, I had two per- 
forations. Through one of theſe: (c) I poured the 
mercury, by means of a glaſs funnel; but into the | 
other was introduced a glaſs tube, which, being 
bended, was inſerted, by means of a cork, into a 
thin glaſs veſſel (4) and went almoſt, to the. bot-, 
tom of it. A ſmall hole was alſo made in the cork, 
to permit the air to go out. Conſequently, all the 
air that remained in the ſtrong glaſs veſſel, with 
whatever vapour it might contain, muſt, as I poured | 
in the mercury, neceſſarily paſs through, the: glaſs 
tube, and be diffuſed through the thin glaſs veſſel ;. 
in-which I imagined that all its contents, fluid or 
ſolid, muſt be depoſited. However, though I re- 
peated the experiment ſeveral times with this appara- 
tus, making about twenty exploſions i in each, I 
could not find any depoſit in the veſſel, beſides a 
ſmall quantity of water; which, added to the wa- 
ter collected in the ſtrong veſſel, came far r of | 

the weight of the air that was decompoſed. af 
Being deſirous of aſcertaining, as pe 73 l 
could, the nature of that black matter which I pro- 


cured by decompoſing dephlogilticated and inflam- 
| mable air, I frequently exploded great quaneiti 5 
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of the tvs kinds, and never failed to collect it. But I 
have not yet been able perſectly to ſatisfy myſelf with 
reſped to the nature of it. From the following en- 
periments it ſeems pretty certain, that mercury is 
neceſſaty to its production, and I have never found 
it ih veſſels in which mercury had not been con- 
tained. 1 did not, however, find it to be acted 
upon by ſpirit of nitre ſo readily as that Jack pow- 


Dae by agitating mercury in pure water 


(vhich can be nothing but mercury ſuper-phlogiſti- 
cated)-but thought that it approached nearer to 
the action of that acid upon ſoot, the blackneſs of 


which is not diſcharged extope Þy agen aten 


of that acid, 

_ When there was much water in the veſſel in which 
the exploſions were made, there was no black mat- 
tet produced, though the lower part of the veſſel 
contained mercury; and though by repeated ex- 
plofions in theſe circumſtances, the water did be- 
come turbid, and depoſit a black ſediment, it was 


by no means fo much as I always got when I only 
juſt moiſtened che inſide of the veſſel, by filling it 


with mercury immediately after there had been wa- 


ter in it. In this laft caſe, all the inſide of the veſſel 
never failed to be made exceedingly black by every 


explbſlon; and repeating this proceſs, 1 was able, 
by pouring in water, to collect a conſiderable quan- 
tity of black ſediment. - From this it ſhould ſeem, 

that 


Kg. . MERCURY. | | 479 


that the inſide of the veſſel contained a ſubtle inviſible 
vapour of mercury, which became black by the phlo- 
giſton from the decompoſed inflammable air ; and 
this black powder, as J have obſerved, is not much 
affected by ſpirit of nitre, but has very much the 
property of: ſoo/, in that reſpect, which is a circums 
ſtance that e to be farther inveſti- 


gated. | 
At one time, having the inſide of the firong glaſs 


tube made very black with theſe exploſions, I let it 


remain a day or two expoſed to the common air, 


hen the blackneſs diſappeared, leaving the inſide 


of the veſſel covered with ſmall globules of white | 
mercury. It ſeems, therefore,” chat part of the 


phlogiſton of the inſlamrnable air ſometimes at- 
taches itſelf to the vapour of mercury, diffuſed invi- 


fibly through the ſpace within the veſſel, and hat i 
om eee eee by 
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SECTION, 1 


; Or being hn in dphbicned e, 22 
22 Mae W to. tue 


* 


JPEGAN theſe dee wich a vier to n. 
certain whether any wa / er be produced when the 


air is made to diſappear in them. Accordingly, F 
into a glaſs veſſel containing ſeven ounce meafures \ 
of pretty pure dephlogiſticated air, - I introduced a 1 


quantity of iron turnings (which is iron in ſmall " 
thin pieces, exceedingly convenient for theſe and | 
many other experiments) having previouſly made | 
| them, together with the veſſel, the air, and the 

mercury, by which it was confined as dry as I 
poſſibly; could. Alſo, to prevent the air from im- 
1 bibing any moiſture, I received it immediately in 
| 
| 


the 


Jo. . non Lo | | E. | 


the veſſel in which the experiment Was «nade, from 
the proceſs of it from red preciphate; 
ſo that it had neyer been 1 in contact with wad wa- 
wes (10750032201 .. 
Arete Ina er an IE | 
andipreſencly: reduced the ſeven ounce meaſures of | 
air to 65 of a meaſure ; but I found no more was 
ter aſter this proceſs than I imagined it had not 
been poſſible for me to exclude, as it bore, no pro- 
portion to the air which had diſappeared. Examin- 
ing the reſiduum of the air, I found one fifth of it 
to be fixed air, and when I tried che purity of chat 
which remained by the teſt of nitrous air, it did not 
appear that any phlogiſticated air had been pro- 5 6 
duced in the proceſs; for though it was more im- | 
pure than I ſuppoſe the air with which 1 began the 
experiment muſt have been; it: was not more ſo 
than the phlogiſticated air of the ſeven gunce mea- 
ſures, which had not been affected by the proceſs; 
.and-which-muſt have been contained in the reſidu- 
um, would neceſſarily make it. In this caſe one 
meafure' of this reſiduum and two of nitrous r | 
cupied the ſpace of. 32 of a,meaſure. ; ©, //,.-.;,.. 
n another experiment of this kind, ten — 
meaſures of dephlogiſticaced air were reduced to *' 
of a meaſure, and by waſhing in lime water to. 38. 
In theſe experiments the fired air muſt, I pre- 
fume; have bren e by the union of the phlo- 
Von III. 8 * 
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giſton from the iron and the dephlogiſticated air in 
which it was ignited ; but the quantity of it was 
ſmall" in proportion to the air which had  dif- 
appeared, and at that time I had no ſuſpicion that 
che iron, "which had been melted, and gathered into 
round balls, could have imbibed any air; a melting 


heat having been ſufficient, as I had imagined, to expel 
every ching that was capable of aſſuming the form 
bf air from any fubſtance whatever. I was there- 
fore efitirely'ar- 4 bra about what muſt have become 
of the air. 

' Senſible, aber hh ack. a quantity of air 


muſt have been imbibed by ſomething, to which it 
muſt have given a very perceivable addition of 
weight, and ſeeing nothing elſe that could have im- 
bibed it, it occurred to me to weigh the calx- to 
which the iron had been reduced; and I preſently 
| found; that the dephlogiſticated air“ had actually 
been imbibedby the meſted iron, in che ſame mas- 
' Her as inflammable air, in my former experiments, 
had been imbibed by the melted calces of metals, 
however improbable ſuch an abſorption might have 
appeared to me à priori. In the firſt inſtance, about 
twelve ounee meaſures df dephlogiſticated air had 
Viſkppeared; and r Rea IRR 9 in 


vin appear, however, by ſubſequent experiments that it 
was not | air that was imbibed by the iron, but only 
the water, which is by far the greateſt part of it Tt 


0 ",-- a" at 
weight. 
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weight. Repeatipg the experiment very frequently, 
I always found, .that other quantities of iron, treated 
in the ſame manner, gained ſimilar additions of 
weight, which was always very nearly that of the * 
which had diſappeared. 8 : 
This calx of iron, I then concluded, Ta 
means what I had before taken it to be, g. a 5 
calx, or flag, but either the calx, or the jron it 
7 with pure air. This calciform. ſubſtance 
I found, by various experiments, to be the 50 
thing with the /cales that, fly from iron when it is 
made red hot, or the ſubſtance into dh en 18 
a very intenſe heat, in an open fire -. | 
Concluding from the eren experiment, that 
35 . from the maks of the 
atmaſphere, I then proceeded: tp melt ix with the 
heat of a burning lens in the open air; and 1 Te 
ſentiy found, that perſect iron was cally fuſed. in this 
way, and continued in this fuſion 3 certain, time, 
exhibiting the appearance of Boiling or throwing out 
air, whereas it was, on the | contrary,  imbiping 
air; and when it was ſaturated the fuſion ceaſed, ang 
the heat of my lens cpuld not make any farther im- 
preffion- wan in. e eee aer | 


o On with , 
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found that it had gained weight in the proportion of 
Tz to 24, which is very nearly ont third of its origi- 
nal weight. The fame was the effect when 1 melted 
Peel in the fame circumſtances, | ard alſo every kind 
: of iron on which the experiment could be tried. 
There was a peculiar circumſtance attending 4 
melting of caſt iron with a burning lens, which made 
it impoſſible to aſcertain the addition that was made 


to its weight, and at the ſame time afforded an 


amuſing ſpectacle; for the moment that any quan- 
tity of it was melted, and gathered into a round 


ball, it began to diſperſe i in a thouſand directions, ex- 


hibiting the appearance of a moſt beautiful fire-work, 
Tome of the particles flying to the diſtance of Half 
a yard from the place of fuſion ; and the whole was 
attendetl with'a conſiderable hiſſing noiſe, Some of 
the largeſt pieces which had been difperſed in this 
manner I was able to collect, and having ſubjected 
them to the heat of the lens, they exhibited the fame 
appearance as the larger Tel been Which hey, had 
been ſcattered. ' 5 

When 1 melted (his caſt ina in ihe bsc "ofa 


deep laſs receiver; in order to collect all the parti- 


cles that were diſperſed, they firmly adhered to the 
glaſs; melting it ſuperficially; though: without mak- 
ing it crack, ſo that it was ſtill impoſſible to collect 
and weigh the particles. However, I generally 
found that, * the copious diſperſion, 


what 
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what remained after the experiment rather exceeded 
than fell ſhort of the original weight of the iron. 
Sometimes a piece of common iron, and eſpecially 
ſteel, would make a little hiſſing in the fuſion, and 


a particle, or o would fly off; but this was never 


conliderttble * a 


Oy 


„Having now, procured Ak 1 9 to 8 a new | 


calx: of iron, or a, calx ſaturated: with pure air, I 
endeavoured, to. revive, it by making it imbibe in- 
flammable air, in che ſame manner that I had be- 
fore made. iron, and various other metals, by melt- 
ing them in a veſſel containing inflammable air. 
In this L ſucceeded; but in the courſe of the experi- 


Pon anew, and very unexpected appearance occur- 


I. took a piece of iron which I had faturared 


wich pute air, and purting it into a glaſs veſſel con- 


taining inflammable air, confined by water, threw 


upon it the focus of the lens, and preſently perceived 
the inflammable air to diſappear, and without think- 


* . 


ing of any thing eſcaping from the calx of iron 


(which had been ſubjected to a greater heat before) 


'T paging wy I ſhould have found the addition 


ny On veing informed or the es te bands Mr. 


Watt concluded, that the baſis of the dephlogiſticated air united to 


the phlogiſton of the iron, and formed quater, which was attracted 


by, and remained ſo firmly united to the calx of iron, as to reſiſt the | 


effects of heat to ſeparate them, Neither he nor myſelf had, at 
that time, any idea of the uns: ihe hay onde we ee 
n ona. 


- 
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of the weight of air in the iron, and the reſult might 
be an iron, different from the common ſort, But ; 
1 found, to my ſurpriſe, that the iron which had 
ethibired no hew appearance in this mode of treat: 
ment, had loft weight, inſtead of gaining any. | The 
piece of iron on which I made this firſt experiment, 
 Weighed eleven grains and a half, and ſeven bounce 
meaſures and a half of inflammable air had diſap- 

peared while the iron had loſt two grains and a half. 
* Conſidering the quantity of inflammable air that 
had difappeared, viz. ſeven ounce meaſures and 'a 
half, and the dephlogiſticated air which had beeh ex- 
pelled from the iron, viz. two grains and a half, 
which is ecſual to about 4.1 ounce meaſures, 1 
found! that they were very nearly in the proper pro- 
ion to ſaturate each other, When decompoſed by 
e electrir park, viz. two meafures of inflamma- 
ble air to d of de eptlogiſticared air. 1 therefore 
had nos no dbuBt but that the two Kinds of air had 
united; ard had förmed either fired air or Water ; i 
but which it Wis 1 could not tell, having had water 
in the receiver in which the experiment was made, 
and having 1 neglected t to examine the ſtate of the air 


that, remained, except in a general, way, by which 


I found, char it v was al r as wr get 
mable as ever. 


Wich a view to e whether: fixed air, or 
water would pe the er of this mode of com- 
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bining inflammable and dephlogiſticated air, I re- 
| ande mer e in hich, inflam· 
mable air was confined by mercury, and both the 
veſſel and the mercury bad been previouſly made a8 
dty as poſſible,/ I had no ſponer, begun, to heat the 
iron, or rather flag, in cheſe circumſtances, chan I 
perceived the air to diminiſh, and at the ſame. time 
. the: inſide ot the ol: to grow. very .cloudy, With 
Theſe particles by degrees gathered into, drops, and 
ran down the ſides ↄf che veſſel in all places, except 
where: it was -heated; by, che ſun beams; 46, that ir 
then appeared to me very evident, that water, with 
or without fixed air, was che produce of che inflam- 
mahle air, and the pure air let Iqaſę ſrom the iron 
in this mode of operation hut L an now ſatisfied 
hat the water Il proctrec us the dame;that.the iron 
had before imbibed. When 1 had examined the 
remaining ir, it was 45 infammable ag ever, Vith 
out-oimaining aoy ˙ Gagan get. : err 
When 1 collected the water which.:was/produced 
in this experiment, by means of a piece. of filtering 
paper, carefully introduced to abſorb it, I: found it 
to be, as nearly as poſſible, of the ſame weight. with 
that which had been leſt by the iron 31 and alſo, in 
every experiment of this kind, in ih 1 attgndgd h 
to tlus eircumſtauce, I ſound that che Nuantity f 
e r * oe” 
| BY „ 
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double to that of the ophlogiſticated air- ſer; looſs 


from che iron, foppofing that weight to have been 
reduced into air. Tus at one time I made a piece 


of this flag imbibe five ounce meaſures and a half of 
inflammable air, - while 7 ir loſt-as much as the weight 


bbb "three" ounce meaſures. of dephlogiſticated 


air, ard the water collected weighed" two. grains. 
Another titne 4 piece of ſlag loſt 1.5 grains, — 
the ater Produced was #7 grains; but perfect :ac- 

cufacy nor 16tto be expected. I ſhall only: mention 
one more experiment of this kind, in which ſix 
bounce meaſures and a half of inflammable air were 


reduced to 92 of an ovnce meaſure, and the iron 


had loſt two grains, equal in weight to 3.3 ounce 


meaſures of dephlogiſtioated air. In all the above- 


mentioned nennen. the inflammable air was 
that which is produ 
acids, * Li L 11 
As before 1 ha fried this courſe of exper 
ments I had ſatisfied - ryfelf that inflammable air 
always'tofthins 'a portion of water, and alſo, that 
"Hen it has been ſome time confined, by vater, it 
irnbibes moͤte, ſo as to be incteaſed in its ſpecific 
grävity by chat means, 1 repeated the experiment 
With inflathmdble alt which had hot been confined 


by water, but which'was received in a veſſel of dry 


merettylfrom the veſſel in which it was generated ; 
put i piele Fan that water n. 


elt 4 


m 


or A re mex al. iron n 


Tas 
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in this caſe, alſo, and to appearance as copiouſly as 
in the former experiment. Indeed, the quantity 
of water produced, which ſo greatly exceeded che 
weight of. all the inflammable air, is ſufficient to 
prove that it muſt have had ſome other ſource chan 
any conſtituent part of. that air, or the whole, of, it, 
tagether with the water contained in it, without 


I. muſt here obſerve, chat the iron ſlag which I 
had treated in this manner, and which had thereby 


loſt the weight; which it had acquired, by melting | 
in dephlogiſticated air, became perſet ron, as at 


firſt, and was ihen capable; of being melted by che 
burning lens again; ſo that the ſame piece gf, iron 
would ſerve for theſe experiments as long as the 


ceding fuſion, it had acquired it again from the 
inflammable air which it had abſorbed; and I do 

not ſee how the experiment can be accounted, for 
in any other way, which neceſſarily. implies the reality 


of phlogiſton as a conſtituent principle in bodies. 
This, ar. left dba, walt m er deer | 


ing for the appearances, , 

Having had this ſucceſs with the calx, or fal 
Ae 1 tried-the..cabs of ne . 
Hun kr from. | when Cad 


2 3 
11 


taking into conſideration the correſponding los.of 


weight in the iron. eilt non n re 26 ee 


operator, ſhould huſe. It, was evident, therefore, 
that if the iron had loſt its phlogiſton in the pre» 


* 
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Daun walker produtedd in the inflamitiable air in the 
ame thannet as when I uſed the Kale of iron in 
. the ſame circumſtances. 
Tron, I found, are mY additional whight 
5 ey Maag in m erden eum, as well as in the 
open air by che ſun-beams, if it were poſſible for 
it to attract air, or Whatever elſe it is that is che 
immediate cauſe of its additional weight. Three 
ounces of common iron filings, expoſed to a ſtrong 
heat in an earthen retort, gained eleven penny- 
weights, or 264 grains, and yet was very far from 
having been completely fuſed. Having a glaſt 
tube comm 
collect any air that the iron filings might give out, 


afcended within the tube; which ſhews that the iron 


was then in a ſtate of abſorbing, and not of giving 


out, any Ar. v3 ng £11 15 Nan 


Willng to try the effect of e and 


ether fübſtances, in all the different kinds of ate, 
Wilibut any patrievtar enpectation, 1 fond thut 
Fon mekedd more readily in vimfioke weld air than 
in depllogiſticated air, che afr was diminiſhed as 


rapidly; antl the inge of the veſfel wus covered 


with a Black footy matter, which when expoſed to 
Neat, Feadily ſablimed in the fort of a Whitg va- 


* 
* * 


wich the ketort, in order to 


1 pound that when they were very hot, the water 


„ undd left the glafs quite clean. The iron, 
| the arenen vas quite drittes and ut, 


r en e hk 


x-prefurtie} be the farne thing with iron that is f 
Phitrated ;" bit 1 did not pätticulariy examine it. 
Of ſeven dunce meaſures of vitriolic acid air, in one 
of theſe experiments, not more than three renths of 
an ounce meafure remained; of this two thirds was 
fixed air, and the reſiduum of this-was inflattirnable. 
I had put three of fuch reſiduums together; in or- 
der to make the experiment with the greater ter ct. 
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1 ''qveltiondbly iron, and I feetns to, be 3 
cn n 0 yet the mot IthþerfeAly uriderſtood, 
and in the manufacture of Which there is the g Se. 
et room fr farther improvements. © But as all 
e- r r at leaf br the 
pupae of procuriug it dd a (dt big 3 
cheapeſt process by which they can make i 
it nul dally der df obletvidon, and n. conſe- 


I” quence 
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ſome utility, 
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quence of this it may he, (hoped, .that,we-ſhall gra | 
dyally gain a more perfect knowledge of it, and 


that this knowledge will lead to improvements in 


practice, I. cannot promiſe much with reſpect to 
my on obſervations on the ſubject, but. all neu 


n falls ought. to be reported, and ſome, that. have 


occurred to me are of ſuch a nature, as, in the hands 
of manufacturers; in a large way, may — be of 


Vitis 


One of the greateſt differences with reſpect to 


iron is between that which is called caſt iron (which 
is the ſtate in which it comes from the furnace) 
and that which is malleable. In the former ſtate, 


though exceedingly hard, it is brittle ; ſo that it can 


no more be brought into any other form without 
melting, than 'glaſs, but when melted, it ſtill con- 


.tinues iron. In the malleable ſtate, it is ng longer 


capable of being melted again, and continuing to 


be iron, but it js flexible, and without melting, 


may be hammered into any ſhape that is wanted. 
I had formed an idea, | from what 1 had. formerly 
1 on the ſubject, that this great change in iron 


was made by nothing more than violent hammering 
while it was red hot; but. when I ſaw the real pro- 


ceſs, I was ſoon, convinced that this was a miſtake. 
For in the finery furnace (or that furnace which is 


| Intended to refine the iron, and make it malleable) 


the- calt firon 8, expoſed, to. a ſtrong blaſt of air, 


0 ö "ih | 1 while 


2 


2 
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while it is red 1 or rather if a half eil ate} 
and it is this blaſt of 4% that Is the moſt neceſſary, 
if not the only neceſfiry circumſtance, in producing 
this change Alſo, While the Iron undergoes this 
a quantiry of liquid matter runs from is, 
and when It is cold acquires the form of à black 
cinder; which, from the name of the furnace out 
of which it flows, 1 1s called ner) cinder. The na- 
ture of this ſubſtance, I think, 1 have inveſtigated, 
When this finery cinder is ſeparated from the com- 
mon maſs, what remains of the iron. is actually 
malleable ; but being in looſe ſpungy, maſles re- 
quires the hammer to conſolidate it, and to, reduce 
it into a proper form for farther operations. Allo, 
+ conſiderable quantity of finery cinder remains in 
the interſtices of the ſpungy maſſes, and the ham- 
mer is uſeful in ſeparating it. 
A farther, remarkable change in the. conflicution 
of iron, is that by which it is, converted into te 
which is made by cementing it with charcoal. It 1s. 
then capable of being made elaſtie, and of receivin 
various degrees of hardneſs, according, fo the ſud- 
denneſs with which it is cooled after it has 
made red hot, It is alſo then capable of bein 
melted, without loſing i its metallic character. 2 

At Birminghatn, I find it is common to ſubj <& 
caſt iron to this proceſs of cementation; ald ch 
it's fall to be anzealed, This gives it's fügt db 


gree 
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of flexibility, ſo that it may be uſed for ſome 
1 of nails. Having an opportunity of pro- 
N curing theſe nails, both before and aſter annealing, 
J have made many experiments on them, and find 
that this proceſs makes a remarkable difference in 
the chemical properties of the metal; and fuch as 
1 ſhould not have expected a priori. 
Iron that is annealed, as well as that which is 
3 and alſo ſteel, is readily diſſolved in di- 
luted oil of vitriol; and leaves very little reſiduum; 
whereas the caſt iron that has not been annealed, 
diſſolyes with great difficulty, and when it is dif- 
ſolved, leayes .a great quantity of black reſiduum. 
The ſolution itſelf i is alſo attended with ſome ap- 
nces of a very ſtriking nature, which I ſhall 
deſcribe as they occurred to me. | 
From twenty four grains of caſt iron, in | the 
form of nails, 1 got, by oil of vitriol diluted with 
about three times as much water, in the courſe of 
ſome weeks (for without external heat leſs time is 
not ſufficient) ſixty nine ounce meaſures of inflam- 
mable air, exceedingly offenſive to the ſmell, The 
nails till retained their form, and after repeatedly 
heating the. mixture till it boiled, very little more 
air came from them, I examined them, and found 
| them. to be pretty ſoft, ſo that J could eaſily cut 
hem wich a knife. They had alſo the fame highly 
Man well with the air that had come from 


them ; 


CE ns i 
they ſoon. diminiſhed, or phlogiſticated, it, 
When theſe nails were dry, they were brittle; 
and though white on the outſide, they were black 
within; and after being haſtily dried, they appear- 
| ed to have gained fifteen grains. This experiment 
explains what I am told is commonly obſerved by 
thoſe who put iron pipes into pits, in which there 
is water impregnated with yitriolic acid. For in 
time they become quite ſafe, or, as they call it, 
rotten, ſo that they can be cut with a knife. That - 
a good deal of all the conſtituent parts of iron e- 
mains in this ſubſtance, was evident from the re- 
ſult of my melting a piece of it wich a burning 
lens. For though it neither gained nor loſt. any 
weight, it ſpirted 3 little in the fuſion, and threw | 
a ren een en gy 
ment. one 7:1; n 
I was too haſty, . in mm that the 
| pracels above: mentioned was ayer, as the next ex- 
periment will ſhew. Half an opnce, of. caſt nails 
had been kept in oil of vitriol, diluted with three 
times as much water, about three weeks, and though 
the menſtruum had been changed ſeveral 2 
and they had yielded 130 ounce meaſures f 
they. retained their form. But I then e 
ſome ſpecks of black matter floating in the liquor, 
, H | 
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the phial in which the ſolution was made quite 
opake with them. Nothing then remained in the 


form of a nat; and during this breaking-up 'of the 


nails, the” air had come from them much” more 


copiouſſy than it had done for a conſiderable time 
before.” For the whole dati of ar was now 190 Nh 


ounoe meaſures. 

The alt, however, comes pretty ready at the 
beginning of this proceſs, ' For ſixty ounce mea- 
ſures were procured in a very ſew days, whereas 
that quantity was not got in as many weeks aſter- 


| Wards, till the form of the nails was deſtroyed: 


The black powder that remained after this proceſs 
had a very offenſive joan and when dried haſtily, 
- weighed eighteen grains. From another equal 
| Quantity of theſe nails ths black powdery reſiduum 
weighed ſeventeen grains and a- half, and this was 


ny” 
8 12 "y #05 


of annealing can ſo greatly leſſen the quantity of it, 
and what connexion this circumſtance has with the 


ſolubility of the iron in acids, are queſtions that 


well deſerve | conſideration; and I think it very 


poſſible, that a little attention to the ſubject may 


lead to an eafy ſolution of them, omg 
naht into the x "me TY iron. 18. | 
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the uſual proportion of its weight to that of 2 
hon. s 


What this black matter really is, how the a 
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Another phenomenon in the ſolutioti of this caſt 
iron being exceedingly remarkable, and with reſpest 
to myſelf; an wnighe (for I have never Been able to 
repeat the obfervatzon) I ſhall mention the patriev- 
lars exactly as they occurred tõ me, and as I noted 
them in my regiſter at the tim. „ 
In the courſe of one winter, had put half an Sunee 
of caſt iron nails irttꝭ à mixture of d of Vtriol and 
water, and if the ſpace of about rs tmönths; n 
the cold weather,” they” fad yielded vehty ws 
Gunner —— n 
hhving been changed, mütii coppetus vas concreted 
amohg'the nail. 1 
I began to give more attention to the proceſs/ 
cantbd this quer) und oceafiorifil}rappHeA td it 
ths heat of 2 candle, in order to acpelenardktherſolul 
on.: R ſtw days after this obſerV ed the tigqde? 
a great number of Numparum Meme; quarter) 
ora tun inch in length Hlevt the fine Ai,ε part 
of tem adhering to chesfilgg ut che ends, But ehe 
greateſt quantity of: theſe” Bair lib nul, ad. they 
may be eahed verb detsched frond tit} and Rode! 
ech the Huey ang I en 2H ee ee 
Taking ſons df mem out of the" enſtrhuffie-r 
foadd! eat they” AiHbI ett r fre wyuter, Bt ml 
immediately, I then took them all- GatleF T pra] 
and e end Fare tasta P fret ff BP deri And 
water}! af u 4 dN bre dne hy 
Vor. III. K k appeared, 


2 1 « lie time before 
che nails brake up, I imagined, that, whatever the 
ſubſtance was, it was , that which had held them 
together, preventing their eaſy ſolution, and that it 
was; attracted from the iron in the operation of an- 
nealing, I alſo thought; chat by repeating this pro- 
ceſs, and watching it a few'days.before the breaking 
up of the. nails, I could not fall to find the ſame 
appearance. But though I repeated the experi- 
ment, and with all the variations that I could think 
els never gra} with icons Sgt othat | 
beautiful cryſtals. 
 od0 thald Geefiala ere e filing nao; 
nenen, 
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in an unuſual form. To aſoertain this, I diſſolved 
all the fragments I could collect of theſe cryſtals 
in water, and ſet it to evaporate. But inſtead of 
finding any green vitriol, there was only a black 
incruſtation left on the evaporating veſſel. 

There has been ſome difference of opinion among 
chemiſts concerning the proportional quantity of 
air yielded by iron and feel. | Having taken ſome 
pains to aſcertain theſe facta, at the ſame time that 
I uas diſſolving iron and ſteel for other purpoſes, 
I nal here mention the reſult of my obſervations 
reſpecting the air that is yielded by all the kinds of 
een nme my notice. I repeated 
* without up boli ſenſible of any. change in 
che circumſtances. 63 ton tber ban 10 n 

What quantity of, air came Gvin of n in de 
experiments mentioned above, I have noted in the 

acoount of them but as I frequently, repegted the 
experiment; eſpecially with a vie to find che hair 
lke cryſtals chat I have mentioned, I ſhall here put 

down ithe different quantities of air, of which, I alſo 
took an account. in ſome of them, . as well as of the 
refidyums of black matter, which 1 obſeryed at the 
Game. time. At one time a. quarter of an ounce of 
caſt iron gave ninety ounce meaſures of air, half an 
ounce gave 163-ounce ; meaſures, and two ounces, 


n en evi. luring 4 rene of 
Kka black 
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black powder, which weighed ninety cight grains; 
and four ounces of the iron gave a refiduum of 163 
grains. Upon the whole, therefore, a quarter: of. 
an - ounce of this iron may be renn 
ounce meaſures of inſlammable air. 
Of the annealed caſt 3 en une 

gave at one time 101 ounce meafures of air, at an- 
other time 1055, at another 106, and the moſt of 
all 107. Half an 'ounce gave 212 bunce meaſures. 
Half an ounce of iron turnimgs, which is iron leſs 
perfectly annealed, gave ninety: fix ounce meaſures 
of air. It is evident, thereſore, that the -anticaled 
caſt iron gives conſiderably more inflammable air 
than that which had nem been unnealed ; and this 
is caſily acedunted ſor, fremd the much gteater 
quantity of reſiduum from the iron that has not 
been annealed, which reſiduum, it will be ſeen, ka- 
tains much philogiſton. rod hnoig2m ini eαν 
A quarter of an ounce of Maul gave ninety ounce 
mealſiifes and ah half of air/:11 84/grains gave ninety 
five dunce meaſures and h half of 'air;-amb the 
fatric weight of the very fame iro from which chat 
ſteel Had been made gave e nhety ſit outice menſures. 
Hilf an "Gant of ſteel gave 207 ourice mmeuſures 
and lie black refidifins,” though” greater than ib 
fund in "the Tdution of iron br cüſtl iron annehled, 
was too fall to be weighed.” At other times, Hows 
efer, Is bern fuck more conſiderable, though'T 
have 
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have no note of the exact quantity that I found in 
any experiment. It is alſo. obſervable, that in the 
ſolution of chis half ounce of ſteel, in which there 
was ſ little reſiduum, the quantity of air was un- 
uſually great. And, I preſuine, that the differences 
in the quantities of air from given weights, both of 
ſteel, and different kinds of iron, will always' be in 
ſome reciprocal proportion to the quantity of this 
reſiduum, which IL have never found any ſolution 
of iron to be entirely without; and this will account 
for the different quantities of air that different per- 
| Lons have reported to have found boch in iron and 

in ſteel. As a greater quantity of. inflammable air 
was procured from annealed caſt” iron, than from 
malleable iron I think it may be concluded, that 
ſteel (which is malleable iron annealed) will always 
give more air chan iron, provided thiat, in the ſolu- 
tion, it ſnould yield no greater a quantity of black 
reſiduum. But in general there is much more of 
e eee of ſteel than in that of 
iron. n coteomgy foi if d 

This Black bear which remains from the ſo- 
lution of iron or ſteel; and eſpbeially that from the 
caſt iron not annealed, which is im weh great quan- 
tity, well deſerves to be thoroughly examined. 
Having made a few miſcellaneous experiments up- 
on it, I ſhall here give the reſult of them. Putting 
TIER into ſpirit of ſalt, there remain- 
Kk 3 ed 
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ed eight grains undiſſolved. This was of a grey 
colour, but being ſprinkled upon hot iron, it did 
not appear, by this teſt, to contain any ſulphur.) io 
Lexpoſed a quantity of it to the heat of the burn- 
ing lens in vacuo, and ſound the air that was ex- 
pelled from it to be one ninth fixed air, and the reſt 
inflammable, of the exploſive kind. Ten grains 
of the powder gave nine ounce meaſures of air; 
but a good deal of this light powdery ſubſtance was 
unavoidably; loſt in e e F0n/s u 
22 s 30 Lingen 

{This matter alſd appram to contain ct 
iron, though it is no longer ſoluble in oil of vitriol. 
For being expoſed to the heat of the lens in open 
air, it was melted; and weighed juſt the fame before 
and after fuſion, which had alſo been the caſe with 
that caſt iron which had rn 
in oil of vitriol, and retained its form. ; 

From the air which this black dne gave, it 
wh be concluded, that it contains much. plumbage ; 
- but that which remains after the ſolution of mal- 
leable iron, or ſteel, is more nearly, or perhaps per- 
ſectiy ſq. - Nineteen grains, of this (though it is 
poſſible that ſome of the other might have been 
accidentally mixed with it) was reduced to ſix grains, 
by, being, melted with, the heat. of the lens in the 
open air, and then became a. glaſs, or flag ; which 
e. I had from genuine 


* 


„ 
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plumbago, 4e graft pre of wich is reduce 
Into fixed and inflammable air. - 

The ple of ont bes. Fae peta, 
4ufficiently underſtood. | It is the opinion of thoſe- 
who make ſteel, that the metal neither gains nor 
loſes weight in the proceſs. Thoſe who anneal caſt 
iron tell me, that it loſes conſiderably in that pro- 
ceſs, which is ſimilar to that of making ſteel, though 
the iron is taken in very. different ſtates. On the 
contrary, I found both malleable iron and caſt iron 
to gain a little weight by cementation in my fires, 
Seventy two grains of iron wire gained three grains, 
and became' of a dark black colour, and three 
ounces of caſt iron nails gained fix grains. But 
perhaps the heat that I uſed: was too great for the 
purpoſe. For in conſequence of this iron will at- 
tract water, and become in part ſcales of iron, which 
is always attended with an inereaſe of weight ; 
whereas in the ſame proceſs with a long continued 
and moderate heat, it is very poſſible that ſome of 
the elements of that black matter, or plumbago, 
may go out of the iron, and join the charcoal, forms 
R G | 
diſperſed in the proceſs. | . 

rr 

annealed caſt iron nails ſuch inflammable air as Con- | 
ſtituted fixed air, when it was decompoſed with 


| 6 which ſhews that it had im- 
| Kk4  bibed 
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bibed ſome of that kind of inflammable air which 

is peculiar to charcoal. But when I diſſolved that 

Kind of iron in vitriolic acid, the air was the very 

fame with that which came from malleable iron, 

15 fixed enge ae the ape 
Ma. ONS OS -3 9 
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T5 moſt, uſeful. of my VE on the 
ſubject of iran relates to the nature of the 
| {ery cinder, the ſubſtance which, I have obſerved, 
runs in a-liquid form from caſt iron in the proceſs 
of «converting it into malleable. iron. This has 
generally been conſidered. a thing of no value; and 
is commonly -throwp away as ſuch, though my 
brother-in-law, Mr. Wilkinſon, has, with advantage, 
made vſe d a certain of it in the ſnielt- 
ing of. iron. I flatter: myſelf, however, that by a 
due attention to ſome obſervations which 1 ſhall 
here relate, — kereaſier be employed 
S396 to 
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of it, 5 1 1 ſome ex- 
periments, which I made wich a. view, hen 
the nature of it. 

"The n ed to me, pans to. at- 
tempt the ſolution of it in the ſeveral mineral acids, 
which I did with the following reſults. Putting ſixty 
grains of it, finely pulverized, into each of the three 
acids, and leaving them two or three days to digeſt; 
of that which had been in the vitriolic, and alſo of | 
that which had been in the marine acid, there re- 
mained. fifteen grains undiſſolved: but of that which 
had been expoſed to the nitrous acid, forty grains. 
Another time, I obſerved; that of ſcyenty-four grains 
expoſed to the ſpirit of falt, thirty Leh 
ſolved. ib go Fb ects 3 
25 This ſubſtance, as it comes Gin 2 
furnace; is ſeldom without ſome portion of iron, as 


appeared by melting it in the ſun, when, twenty-four 


grains of it gained one grain in weight. It. alſo 
gained a little weight when J expoſed it to the action 
of ſteam in an hot earthen tube. 

Finery. cinder, when hot, readily unites wk maſt 
kinds. of earth, greatly promoting their fuſion, in 
from that circumſtance. Attempting to get air 
from the finery cinder in an, earthen retort, ſeventy 


ounces pf ig yielded — 2 
f * 


-- 
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but as the retort was diſſolved, and moſt of the 
contents run out, nothing certain could be pro- 
nounced concerning the origin of this air, of the 
laſt portion of which three fourths were fixed ait. 
The ſtandard of the reſiduum was 1.67. In one 
part of it a candle was extinguiſhed, bor wether pen. 
en 5 

The circumſtance that firſt gave me an inſight into 
the real nature of this finery cinder, was my hav- 
ing found a piece of malleable iron become through- 
out a perſect finery cinder, in conſequence of being 
leſt in the open fire of my furnace, when the heut 
had been very great. The appearance of it alone 
ſatisfied me, that it was the ſame thing; and com- 
paring it in a variety of proceſſes with real finery 
cinder, I found that they did not differ in any re- 
ſpect. They appeared alſo to be the ſame ſubſtance 
with the ſcales which fall off from iron when it is 
heated in an open fire, with that which malleable 
iron is brought to by being melted in the open air, 
or in dephlogiſticated air, and alſo by being expoſed 
to the action of ſteam when it is red hot. In all the 
different proceſſes recited before, it was perfectly 
indifferent which of theſe ſubſtances T made uſe 
of, and therefore I Nu e momma e 
lars, +» 
| Finery cinder is therefore to be conſidered as iron 
EY about one third in weight by - imbibing 


water, 
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water, though with the loſs of its own phlogrſton 
Nothing, therefore, is wanting to bring it to the 
ſtate of iron, again, but the expulſion of the water, 
with which it is ſaturated, and giving it the phlo- 
giſton which it has loſt : and this is readily done by 
heating it in cloſe veſſels, in contact with any thing 
that contains phlogiſton. This is effected in the 
moſt complete manner, by heating it with a burn- 
ing lens in inflammable air. But it is likewiſe done 

cementation with charcoal, with coak from pit- 
coal, or with raw coal. In all theſe proceſſes, the 
finery cinder loſes about one third of its 
and is then perfectly ſoluble in acids, and attracted 
by the magnet. Conſequently, it is perfe?? iron. 
But whether it can be made uſeful iron, and in a 
manner ſo cheap as to make it worth the while of 
the manufacturer of iron, to eſtabliſh any work for 
the purpoſe, is not for me to ſay. I would only 
obſerve, that iron thus made from finery cinder in 
my retorts, is not in the ſtate of ſimple caſt iran, 
but of that which is annealed, and likewiſe partially 
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MISCELLANEOUS EXPERIMENTS AND 
OBSERVATIONS. ., --. 
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O * of my firſt experiments on the ben of 
| air was that by which I procured inflamina- 
ble ai; by taking the electric ſpark in different kinds 
of oil. In che acids no ſpark can be taken, on ac- 
count" of their being ſuch excellent conduCtors of 
electricity. However, ee 
left confined by any acid, and in this a ſpark ma 
be taken, which will affect the contiguous gui. 
This I have done, and ſome of the reſults are ſuf- 


a a. 


ficiently remarkable; but ſimilar to the effects of 


tranſmitting the liquors in vapour, through a red 
hot earthen tube, in which caſe the nitrous and vi- 


diolic acids yield dephlogiſticated air. 


In 
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In order to take the electric ſpark in ftitmous acid, 
I admitted. a ſmall bubble of common air into a glaſs 
ſyphon, previouſiy filled with that acid, placing 
each leg of the ſyphon in a different veſſel, con- 
taining ſome of the ſame acid, and I tranſimitted 
the ſpark, or ſhock, through a gold wire, n Which 
the acid his no action. In theſe circumſtances, eyery 
ſpark made a conſiderable addition to the quantity -of. 
air, BP WAY imei e 
. o on ov! c 1 
-With che wore: acid | enim h but 
much mare time wes reduired to produce the effect. 

After tik ing the ſpark two hours in 2 bubble of air 
confined by: this cid, in a fyphon, the greateſt part 
of which was filled with mercury, and the legs of it 
ſtanding in baſons of n 8 W N Pe. 
more chan doubled in quant 
that was triade to it appeared r 


air, ie ſtandard of it / being, with, —— quantities 
of. nitrous Mr, . 0. Ic may he Forth. noocing, that 
thaughathe vil of. vitriol, uſed inthis; expernment, 
was.of a'light,purple..cglour. (which might,be;the, 
ron why-the air procured From, if! was, 9%; both 

more in quantity, and better in quality) the; part, 
next ta the gir hecame perſactiy colourleſs! for the 


ſpace. of about a quat̃ter f an inch. 1 n i. 
Wien I repeaind. tin experiment with corgmen 
Av, of falls aha bubble, ph _ ae e 


Dobro JJ 
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fourth; and though the operation was continued a 
long time, it never increaſed afterwards,” and was 
imply phlogiſticated air. When I'-uſed dephlo- 
giſticated rnarine acid, the bubble of air was dimi- 
niſhed. Rs Ret eee 

Wim phoſphoric acid, tho lair A rſt demie 
one quarter, and then increaſed. This air I could 
perceive not to be affected by nitrous air; and by the 
redneſs of the electric ſpark in it, I have no doubt of 
its being inflammable air. But the quantity was too 
ſmall to aſcertain it in any other manner. This acid ig 
always faid to contain phlogiſton, and by this 
means it ſeems to be en en eee 
1 af 22 dic 

I hd «rar rfule when I took the cleric ſpark 
in air confined by phlogificated alkali. ' It was firſt: 
diminiſhed one fourth, and then increaſed to its ori- 
ginal bulk; but the increaſe was very ſlow. When 
I examined the air, 1 could'only obſerve that it was | 


not affected by nitrous air. The addition muſt, 1 


think, have been inflammable air, though the quan- 

tity was ſo ſmall, un ee bade wd. 

neee : 9 1 | 1. 
2ĩ˙ . 


wich mentioning one of ſmall conſequence,” relating 
to the conducting power of ſubſtances. - Having 
boiled fon Linked ol, 1 put iv it quay of 

pounded 
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glaſs. When it was cold it was a ſolid 
black maſs, and conducted electricity perfectly 
well through its whole ſubſtance, and was not, as 
I had expected, that kind of ſubſtance which con- 
ducts electricity i in & viſible manner, ſuch as I have 
deſcribed in my obſervations on charcoal, and 
which I had often found to incruſt pieces of . glaſs 
that had been made red hot in vegetable oils, 1 
then melted the: whole maſs ; but though it - 
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HAT 3 wert nith-teſpedt to clee- 


-- tricity, depends upon the variable ſtate of 


Thus glaß, which when cold is a perfect noncon- 
ductor, is a complete conductor in a great degree 
of heat. So alſo, by a contrary proceſs, ice, which 
when formed in a moderate degree of cold is a con- 
ductor, very much like water, becomes, as Mr. 
Achard has diſcovered, a non- conductor in a greater 


degree of cold. And I had found that though dry 


wood, and even charcoal, made with the leaſt poſſible 
degree of heat, is a non-conduCtor, yet when it has 
been expoſed to more heat, it is the moſt perfect of 


all conductors, not exceeded even by the moſt per- 
fect metals themſelves. I have now obſerved what, 


indeed, was not perhaps very difficult to be con- 

jectured, that water, and even quictſilver, in the 

N vapour, are no conductors of electricity. 
ater had been often tried in that kind of va- 


pour which is juſt condenſing, in the open air; but 


I | | then 


ſubſtances is eyident from a variety of experiments. 


e 
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then it is, in fact, no other than water in very ſmall 
drops; whereas, to try it in the proper form of 
ſteam, it muſt be examined in a degree of heat, in 
which it is incapable of condenſing into water. 
This I did in the following manner: ; 

I filled a glaſs ſyphon with water, having previ- 
ouſly put iron wires into each of its legs, as is repre- 
ſented Pl. V. fig. 5. and then inverting it, placing each 
leg in a ſeparate baſon of water, or quickſilver. 
After this I expoſed the upper part of the ſyphon to 
a degree of heat capable of converting water into 
ſteam, Then, bringing a charged phial, and making 
the ſyphon part of the circuit, made the exploſion 
paſs from one wire to the other, in the bend of the 
ſyphon. In this caſe the ſpark never failed to be as 
vilible, as it would have been in the air. The on- 
ly difference was, that in this caſe the ſpark was 
reddiſh, as it is when taken in inflammable air. 
I could perceive no difference whether the heat 
was greater or lefs, even in the yery point of con- 
denſing into water. It is poſſible, however, that 
there might be ſome real difference, though not 
diſcernible in this method of examining it. 

In the very ſame manner, I made the experi- 
ment in the vapour of quick/ilver, having filled the - 
ſyphon with quickſilver, and placing the legs of it 1 
in baſons of the ſame. In this caſe, alſo, the i I | 

Vol. III. 77 expls - | 
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exploſion was red; but at one time it was quite 


vivid. I repeated the experiments many times, 
both with water and with quickſilver. 

From theſe experiments, compared with ſimilar 
ones that I have made in all the different kinds of 
air, I think it may be concluded univerſally, that 
all ſubſtances, in this expanded ſtate of air, or va- 
pour, are non-conductors of electricity. 

There is ſomething exceedingly difficult to ac- 
count for in the circumſtances in which glaſs jars 
ſometimes break ſpontaneouſly with electrical ex- 
ploſions. In general the thinner the glaſs is, the 
more liable it is to a fracture in this caſe. I ob- 
ſerved, however, in my hiſtory of electricity, a caſe 
in which a very thick glaſs jar broke, in a very re- 
markable manner, by a ſpontaneous diſcharge ; and 
I have lately obſerved another n 1 remark- 
able. 

I filled a glaſs tube, about three feet ug a one 
inch and a quarter wide, the glaſs itſelf being not 
leſs than one eighth of an inch thick, half full of 
quickſilver; and putting a looſe coating of tinfoil 
on the outſide, and beginning to charge 'it, by 
means of an iron wire connected with the prime 
conductor, it preſently broke by a ſpontaneous diſ- 
charge, exactly at the bottom. A large piece of 
the glaſs came out, and the quickſilver flowed out 

* \ ö 5 * . . q at 
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at the hole, Examining it more particularly, it 
appeared that there were 4 great number of 
ſmall independent fractures, but all very near to- 
gether; and through one of them only the charge 
had made its way, pulverizing the glaſs, as 
uſual, | 

I then charged a long tube of Bottle glaſs in the 
ſame manner; but this alſo burſt as ſoon, and alſo 
exactly at the bottom, though not in ſo many 
places. I meant to have charged theſe tubes, and 
0 have ſealed them hermetically, after I had pour- 
ed out the quickſilver, in order to obſerve how 
long ſo thick a glaſs would retain the charge, in 
purſuance of Mr. Canton's firſt obſervation of this 
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Obſervations on Subſtances expoſed 18 @ long continued 


M* experiments on expoſing ſubſtances to a 
long continued heat were begun, principally 
with a view to aſcertain the converſion of water 
into earth, of which we have many credible ac- 


counts, and of which that excellent chemiſt, Mr. 


Woulfe, entertains no doubt. 

For this purpoſe I provided glaſs tubes, about an 
inch in diameter, and three feet long, and alſo others 
made like what the workmen call progfs, growing 
narrower to the top, ſome two inches wide at the 
bottom, and others leſs than an inch. Indeed, J 
uſed glaſs tubes of a great variety of forms and 
ſizes, and when I had put in the water, or other fluid, 


I cloſed them hermetically, and placed them in a 


ſand furnace pretty equally heated. But, in general, 
before I placed them there, I expoſed the end con- 
taining the fluid near a common fire, for a few 
hours; both to obſerve whether there would be any 

immediate 
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immediate change, and alſo to try what degree of 

The reſult of many of the experiments made in 
this manner have been recited; and wete ſufficiently 
rematkable, and others, that do not deſerve to be 
paſſed over, will be noted in the courſe of this ſec- 
tion. But with reſpect to water, which was my firſt - 
and principal object, all my experiments intirely 
failed. 

In order to avoid expence, 1 uſed a W 
gte> of heat than had been uſed before for this 
purpoſe ; hoping, by this means, to gain my end in 
leſs time. Whereas I believe Mr. Woulfe's opi- 
nion is quite right, viz. that the heat ſhould be very | 
moderate, and long continued. Mine was con- 
ſiderably above a boiling heat in the open air, gene- 
rally ſuch as to keep the water boiling in this con- 
fined: ſtate, my veſſels being ſtrong in proportion. 
| vent upon the idea, that the change of conſiſtence 
in water was brought about by extending the bounds 
of the repulſion of its partieles, and at the ſame 
time preventing their actually receding from each 
other, till the ſpheres of attraction within thoſe of 
repulſion ſhould reach them. The hypotheſis may 
ſill be not much amiſs, though I did not ny 
act upon it. i 

Be this as it will, atrial of ſix nas ant 
feet of the kind that I hoped 88 

L13 1 
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he particular appearances that I obſerved would 
be too tedious to relate, and were not of much im- 
portance. I ſhall, therefore, only obſerve in general, 
that I was deceived at the beginning of the proceſs, 
by finding that the whole maſs of water, which was 
generally an ounce, would become exactly like milk, 
and ſometimes the whole tube would have got a 
complete white coating in the courſe of a day or 
two. This I then hoped was, in part, a change in 


the water itſelf, though I had no doubt but that, in 


part, it might be owing to the corroſion of the glaſs 
by the heated vapour. In the end it e ta 
have been nothing at all elſe. 


When the heat was a little more en = 


firſt appearance was a white pellicle on the ſurface 


of the water, and ſometimes in the middle of the. 
water only, not extending to the ſides ; which de- 
ceived me the more into an opinion that this earthy 
pellicle might come from the water itſelf. In time 


there was ſuch an accumulation of this matter, that 
it clouded the whole maſs of the water, and ſunk to 


the bottom, in the form of white flakes, or a powdery . 
ſubſtance. When the tubes were opened, all the 


ſides were found corroded, the poliſn being entirely 


taken off where the heat had been greateſt, RO 


ally near the ſurface of the water, 
The force' of the vapour of water in 4 cor- 
roding glaſs 18, Money not A little remarkable. 


In 
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In time it would have worked its way through any 
thickneſs of it. And, indeed, I ſhould obſerve, 
that the ſame is the caſe with iron. For before 1 
began theſe experiments, I had made a few random 
trials: of what might be done with water in a ſhort 
time by a very great degree of heat, in a confined 
ſtate, by putting the water into gun- barrels, then 
getting them cloſed by welding, and after that put- 
ting one end of them into a hot fire. Sometimes 
the water would continue thus a whole day or more ; 
but / at length, though the gun-barrels were the 
thickeſt that I could meet with, and one of them 
was the breech of a muſket-barrel, and I believe 
perfectly ſound, it wore its way through. None of 
the barrels were properly bur/t, but all of them were 
much corroded, and made exceedingly thin in 
particular places; and when they were opened a 
great quantity 1 ruſt was found in the inſides ot 
them *, 
- Beſides trying the effect of this proceſs on pure 
diſtilled water, I made trial of water impregnated 
with all the different kinds of air with which 1 am 
acquainted ; and in other tubes the air confined. 
along with the water was of all the different kinds; 
but the appearances in them W. were nearly the 


»] fince: recolle& that I formerly had: a copper eolipyle, not. 
leſs than the thickneſs of a half crown, which, after being uſed a 
good deal, burſt, and was found to be as thin as paper.. 

; 14 ſame, 


520 MISCELLANEOUS Book XI. 


ſame, excepting ſuch as have been, or will be par- 
ticularly deſcribed, The common air, in all theſe 
tubes, in which the water had been kept ſo hot, 
did not appear to have been changed either for the 
better or the worſe. Sometimes when J ſoftened a 
part of a tube with a blow pipe, the incloſed air 
would preſs the glaſs a little outwards, and ſome- 
times the external air would preſs it a little inwards, 
but it was with no great force; and whenever I 
opened the tubes under water, and examined the 
air, it did not appear to have been altered in its 


quality, with reſpect to its diminution by nitrous 


air, * 
It is known, that, in general, a menſtruum will 
hold more of a ſolvend when it is hot, than when it 
is cold; but theſe experiments in a continued heat 
afford ſeveral remarkable examples of the contrary. 
The firſt thing I obſerved of this kind was with 


| reſpect to lime water. For having confined a quan- 


tity of it in one of my largeſt tubes, I found that, 
in fix days, and how much leſs time might haye 
ſufficed I cannot tell, all the lime was depoſited, 
At leaſt there ſeemed to be enough at the bottom of 
the water from which it was ſeparated, to have fatu- 
rated the whole of it. | 

Alſo iron diſſolved in water impregnated with fix- 
ed air was ſeemingly all precipitated, in conſequence 
of being expoſed in the ſame manner to the heat; 
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and when it was oold, it was not re- diſſolved. For 
though this menſtruum will diſſolve 1 ir n not 
diſſolve the calx of iron, 

I had been informed by Mr. Bewly, that lime 
water would diſcharge the colour of Pruſſian blue, 
A quantity of lime water, thus impregnated with 


the colouring matter in Pruffian blue, I put into 


one of my glaſs tubes on the 11th of Auguſt, and 
on the 23d, from being quite colourleſs, It was be. 
come of a greeniſh colour, with many opake par- 
ticles in it. On the gth of September following it 


was quite tranſparent, witll a large white ſediment, - 
in which it reſembled the tubes that had only wa- 


ter in them, This ſediment, therefore, might per- 
haps come from the corroſion of the glaſs. On 
the goth of September the liquor was quite cloudy, 
had a conſiderable precipitate,” and a thick whitiſh 
incruſtation covered all the furface of it. Laſtly, 
on the 19th of January, 1778, it had fomerhing of a 
milky appearance, but was nearly tranſparent, and 
had depoſited a quantity of flaky matter. 
Having the ſolution of mercury, 2 0 cap. 
per in ſpirit of nitre at hand, proper tubes to ſpare, 


and room enough for them in my hot ſand, I placed 


about an ounce meaſure of each of them in the 
furnace on the gth of September, and on the goth 
of the fame month I found the ſolution of mer- 
. but I ſuppoſe the 

1 greateſt 
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greateſt part of the mercury was precipitated i in one 
beautiful compact yellow maſs. The precipitate 
of the copper was alſo collected into one maſs, quite 
blue, as the liquor itſelf continued to be; ſo that 
the whole of che er * not d WN 
tated. 
When 1 took theſe tubes * the ſand heat ſor 
a few days, the greateſt part of the precipitated maſs 
was re- diſſolved; but when they were replaced in 
the ſand heat they appeared again as at firſt ; and 
ſo they were found on the 19th Jay, 1778, 
when an end was put to the proceſs. . | 
On the ſubject of the nitrous acid 1 ſhall obſerve, 
that water ſaturated with nitre, which had been 
placed in the ſand furnace on the 3d of September, 
in a long and ſlender glaſs tube was tranſparent on 
the zoth of the ſame. month; but the tube itſelf, 
from the ſurface of the liquor to half an inch below 
it, and likewiſe in different places quite to the top 
of the tube, was covered with a white Mr 
a little inclined to blue. | 
|.» Cauſtic alkali impregnated with nitrous vapour 
| had cracked the tube in which it had been confined, 
and eſcaped ; but the tube was found covered with 
a white incruſtation, from two inches above the ſur- 
face of the liquor quite to the bottom of the tube. 
The crack itſelf was very remarkable, conſiſting, 
in reality, of many different cracks, and thoſe diſ- 
| poſed 
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poſed very. irregularly, quite round the glaſs, near 
the ſurface of the liquor. I have ſometimes ſeen 
glaſs cracked in the ſame manner by electrical ex- 
ploſions. 7 5 101 Hoi 

The moſt n — I e 
with reſpect to metallic ſolutions, relates to a ſolu- 
tion of gold in agua regia, made by the i impregna- 
tion of the marine acid with nitrous vappur, which 
have obſerved to be a more powerful menſtruum 
for gold than the common aqua regia, A ſmall 
quantity of this ſolution I had put into a very thick 
glaſs tube about nine inches long, and I placed it in 
the ſand furnace on the 1 ith of Auguſt; and on 
the 23d of the ſame month, I found much of the 
gold precipitated, and adhering to the ſides of the 
glaſs in the form of ſlender cryſtals, very beautiful. 
On the goth of September, I obſerved no difference 
in the cryſtals, but found ſome gold precipitated 
in irregular maſſes, of a darkiſh colour, quite diſ- 
tinct from the cryſtals ; and thus it remained till 
the 19th of January following, when I diſcontinued: 
the proceſs. Both the cryſtals and the . e 
continue not re- diſſolve.. 

I ſhall now juſt mention my china on . 
other ſubſtances expoſed to the ſame heat, though 
they have nothing in them that will be thought: of 
any conſequence; except that it may be proper 8 5 


a 
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be known that the experiments have been made, 
and that no remarkable appearance followed. | 
Spirit of wine in large tubes underwent no altera - 


tion, nor did it affect the glaſs in the Jeaſt; but 


another quantity confined in a ſhort tube, and ex- 
poſed to much more heat, appeared on the goth of 
September (having been placed in the furnace on 
the 11th of the ſame month) to have given to the 
infide' of the tube, and eſpecially to the middle 
part of it, a thin blviſh coating, a little inclining to 
white. Thus it continued to the laſt, except that 
the coating became more white, and had very near- 
ly, if not wholly, loſt its bluiſh caſt, « 

Ether had alſs been confined in a ſhort and ſtrong 
tube on the t tth of Auguſt, and it continued co- 
lourlefs; but on the 3oth of September ſeveral 
parts of the inſide of the tube had a whitiſh incruſts- 
tion, the glaſs being probably affected. Thus it 
continued till the end of the proceſs, in January fol- 


lowing, except that I then obſerved the whitiſh in- 


cruſtation about an inch above the ſurface of the 
ether, at both ends of the tube; owing, I ſuppoſe; 
to my having, at different times, placed both the 
ends downwards. 
| With ether 1 alto made anodher experiment ſore. 
what ſimilar to the above. Having filled a glaſs 
tube with it, I poured it out Nan and immediately 
ſealed 


\ 
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ſealed it hermetically ; then holding it in the flame 
of a candle, I obſerved a whitiſh cloud formed in 
the inſide, and when the whole tube was expoſed 
to the heat of the fire, and was made nearly red hot, 
part of it became whitiſh; but the air within the 
tube was not ſenſibly changed. I made the experi- 
ment in imitation of that with the inflammable air, 
which made the tube become black ; thinking that, 
if the phlogiſtic matter had produced that effect in 
this cafe, it might do the fame in another. 

Olive oil expoſed to a very great degree of heat, 
in a ſhort and ſtrong tube, was not changed. But 
in a large tube (owing, I imagine, to ſome bit of 
ſtraw, or ſome other ſubſtance containing phlogiſton, 
which, unperceived by me, might be in the tube) 


the oil became, in the interval between the 11th 


and the 23d of Auguſt, quite black, and of the 
. confiſtence of treacle, with a ſmell ſtrongly em- 
pyreumatic and offenſive. I put part of this mat- 
ter into. another tube, but it was broke by ſome 
accident, and what remained of the matter was as 
hard as a coal, and quite black. 

Oi of turpentine, which was quite colvurlels; be⸗ 
came, in the ſame time, quite yellow, like. dark 
coloured olive oil. It had alſo ſome opake par- 
gickes in it. The glaſs being ſoftened, it was preſſed 
inwards. On the gth of September the eolour of 
the general maſs was the ſame, but there were ſeye- 

ral 
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ral ſmall lumps at the bottom, exactly like roſin to & 5 
appearance. They did not adhere to the glaſs, 
but rolled about at the bottom, being heavier than 5 
the fluid maſs. In a ſhort glaſs tube, alſo, - of 


turpentine was a little yellow. 


Diſtilled vinegar ſuffered no change by las ex- 
poſed in a long glaſs tube to a common fire for 


about an hour. But common vinegar, in the ſand 
furnace, was turned almoſt black in the courſe of 
three weeks. But J aſcribe this effect to ſome 
phlogiſtic matter contained in it. After the pro- 
ceſs, the taſte of it was evidently leſs acid, like 
vapid vinegar, and the air within the tube was in- 
jured; one meaſure of this and one of nitrous air 
occupying the ſpace of 1.4 meaſures. 
7 After this I placed diſtilled vinegar in the and 
furnace; and this, in the interval between the ꝗqth 
and the goth of September, had made a depoſit 
of ſome black matter, and the tube was coated with 
it quite round, at the ſurface of the liquor. Alſo, 
in a ſhort tube, the ſame vinegar was a little opaque, 
and there was ſome black matter on one ſide of the 
tube, half an inch above the ſurface of the fluid. 
In this ſtate theſe tubes continued to the laſt, when 
they had depoſited a browniſh ſediment. 
Having expoſed a ſmall quantity of water im, 
pregnated with fluor acid air, quite tranſparent, in 
a _— tube hermetically ſealed, to the heat of a 
j com- 
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common fire, I obſerved that, preſently after it be- 
gan to boil, it became of a dull blue colour, and a 
whitiſh vapour roſe from it, as high as the middle 
of the tube. Afterwards, the heat increaſing, it 
became tranſparent again, without e any 
thing, even when cold, 

Repeating the ſame proceſs, I obſerved the ſame 
cloudineſs come on after boiling about an hour, but 
after continuing to boil two or three hours, it diſ- 
appeared again. This cloudineſs is exactly like 
the appearance of this impregnated water when 
ſome of the fluor cruſt is mixed with it. This ex- 
periment, therefore, proves that this liquor, in its 
moſt tranſparent ſtate, contains a quantity of fluor 
cruſt diſſolved in it, as I have obſerved before, in 
my attempts to account for its not freezing, when 
water impregnated with vitriolic acid air will freeze. 
The effect of a continued heat on the volatile 
alkaline liquor was much the ſame with that on the 
acid impregnations. I expoſed, in a glaſs tube, 
four feet long, and one third of an inch wide, a 
quantity filling about the ſpace of an inch of cauſtic 
fal-ammoniac bought at the apothecaries; and in 
leſs than half an hour it became turbid, when'over 
the fire. Letting it cool, I ſoftened the end of the 
tube, and obſerved that. the glaſs was preſſed in- 
wards, I then made it boil very violently about 

4 an 
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an hour, during which it grew more turbid. When 
it was cool, I obſerved that the turbidneſs was oc- 
caſioned by very ſmall white particles, which ſub. 
| fided, and left the liquor quite clear at the top. 
_ Softening the end of the tube again, it was driven 
outwards with great force, and blew out the candle; 
ſo that, upon the whole, there had been an increaſe 
of elaſtic matter within the tube, notwithſtanding the 


precipitation. 
After this, I placed in the ſand furnace an al- 
kaline liquor of my own preparing, by impregnating 
diſtilled water with alkaline air. It was confined 
in a long tube, a quarter of an inch in diameter, 
on the 3d of September, and on the gth of the 
ſame month the tube was quite-coated with a white 
ſubſtance, and the liquor was turbid, On the goth 
of the ſame month it had depoſited a white ſedi- 
ment, though it was ſtill very turbid. There was 
alſo a ſimilar incruſtation at the ſurface of the li- 
quor, and extending in ftreaks three inches above 
it, At the ſame time, that which had been bought 
at the apothecary's, and which had been placed in 
the ſame furnace exhibited the ſame appearance, 
In this the incruſtation reached fix inches above the 
ſurface of the liquor, eſpecially on the fide to which 
it. had, been inclined. One of theſe tubes remained 
in che bot land till the 1 h of January following, 


when 
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when I found it broken; five. or fix inches of the 

lover part. of ©. deveg cre e 6 4 
- Incruſtation,,” 

| "Anaacharient aig: wich: 1 3 

hermetically ſealed, in which a quantity of water 

had been expoſed ſeveral months, in a | ſand heat, 

was not at all injured by it; and the trial was made 

more than a year after an end had ame 

experiments with the ſand heat. {beg 

A ſmall e of the bes Ghonigonafomonmr 
in fal-ammoniac, being expoſed to the heat, of 4 
common fire, in a long glaſs tube | hermetically 
ſealed, neee 
low.. 

n a at 
markable depoſit from the ſolution of mercury, and 
alſo that of copper in ſpirit of nitre. But they both 
require a conhderable time. I afterwards found that 
the depoſit from iron, and from copper in volatile 
alkali, are made much fooner, ' 

In a glaſs veſſel hermetically ſealed, KNEE 
of iron was precipitated. in the form of red garth 
from a weak ſolution of it in ſpirit of ſalt, placed 
in a ſand heat, only a Gngle day. It was alſo pre- 
cipitated in great abundance from a ſolution of 
ſpirit of nitre in the ſame time. In this caſe the 
veſſel was not quite cloſed, ſo that a little could 

Vor. III, ' Mm evaporate. 
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lourleſi. 
Copper was precipitated in the for er u des 
blue earth, from a ſolution of it in volatile alkali at 
the ſame time; but the remaining liquor was al- 
moſt as blue as at firſt, The ſolid precipitate 
finelled ſtrong of the volatile alkali, as well as the 
folution itſelf . 
I have likewiſe found a ſimilar refult with reſpect 
to a ſolution of copper in volatile alkali. In one 
day a ſimilar depoſit was made from this ſolution 
in the ſame circumſtances. The ſubſtance depoſited 
was of a dark blue colour, and adhered firmly to 
the glaſs; and when the veſſel was firſt opened, 
kg i regen c077rG 
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gra Corr given n Maium by Heat. 
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reſemblance of its colour, and of the change of ita 
colour, to that of blood. The colour of good 
minium is, as nearly as poſſible, that of florid, or 
what I call, dephlogiſticated blood. It is the colour 
they both acquire from expoſure to the air. When 
the minium was in the ladle over the fire,” the ſur- 
face continued of this colour, but all the lower 
part of the maſs was of a deep red, or black, the 
colour of dark coloured, or phlogiſticated blood. 
But, like blood (only, in this caſe, the proceſs was 
much quicker) the moment that any part of it was 
turned up to the open air, it reſumed its florid . 
light colour; and when it was cold, it could not 
| have been perceived that any thing had been done 
wk. i! 
Imagining thar this dark colour might be the 
conſequence of the minium receiving phlogiſton 
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ſame degree of heat in a glaſs tube, but found the 
ſame change of colour. In this, therefore, it re- 
ſembles the change of, colour in ſpirit of nitre, 
which is produced by heat. only, without the help 
ol any additional phlogiſton, unleſs any may be ſup- 
poſed to paſs through the glaſs. 

The tube was ſeveral feet long, and was quite 
filled with the minium; and preſently aſter it was 
expoſed to the heat of the fire, the colour began 
to change; growing darker and darker continually, 
till it was almoſt: black, exactly as it had done in 
the iron ladle. But when it was cold, it re-aſſumed 
its florĩd light colour. That it ſhould do this with- 
out the acceſs of the external air rather ſurprized 
me; and yet that no air, except what was contain - 
ed in the interſtices of the minium itſelf; had acceſs 
to it; was evident from the lower part of the glaſs 
being ready to burſt with the expachon af: the air, 
when it was in a melting heat. 

e It was obſervable, . that from the black colour, 
the minium paſſed, without any ſenſible interval, 
into yellow, in which ſtate it contains little or no 
air of any kind; ſo that the florid colour is an in- 
dication of its containing pute air, whatever be the 
connexion between theſe circumſtances. It muſt 
be obſerved, however, that minium deprived of its 
red colour by ſpirit of mae not. 1 
70 of yielding OT air. 
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T'is always ah a, after dig ene 
ments, to generalize the concluſions we draw 
from them, and by this means to form a theory, or 
htem of principles, to which all the fur may be 
reduced, and by means of which we may be able 
to foretel the reſult of future experiments. With 
a view to this it has of late been a great object with 
- philoſophers to aſcertain the number of elements 
that are neceſſary to conſtitute all the ſubſtances 
with which we are acquainted, and eſpetially the 


different kinds of air, to which our attention has 


been much directed, in conſequence of their ſeem- 
ing to bring un a lie nearer to the ultimate con- 
Cat's Mm 3 ſtituent 
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ſtituent parts of bodies ; finding that by their union 
they are capable of forming ſolid maſſes. 
In my former publications I have frequently 
promiſed, and ſometimes attempted, tor give ſuch 
a general theory of the experiments in which the 
different kinds of air are concerned as the preſent 
ſtare of our knowledge of them enabled me to do, 
and I cannot well decline. attempting ſomething of 
the fone kind WIG RET LEES Of ill hae 3 have 
publiſhed before ; though I acknowledge that I am 
very far from being able to ſatisfy myſelf with re- 
ſpect to it, and therefore cannot expect to give 
much ſatisſaction to others. When J publiſhed 
the firſt of my fix volumes, 1 was not aware of 
e e on this the, bur u experi. 
ments ſoon; unhinged whatever I had thought the 
beſt eſtabliſhed; and this has been fo often the caſe, 
that. my diffidence increaſes $00 progortient 00.098 
increaſe of our knowledge. | 
, FluQhuating, howeyer, as the preſent ſtate of this | 
branch of knowledge is, I ſhall not decline to give 
my preſent. views of it; nor ſhall J find any more 
difficulty in retracting any opinion I ſhall now ad- 
vance, than. I have hitherto done in retracting what 
1 have adyanced before; The ſketch that I ſhall 
now give may.at Jealt ſerve, like former theories, ta, 
amuſe us when we look back upon it, after having 
e eee 
1 ord- 
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According to my lateſt obſervations, water, or 

Wee is che baſis of all kinds of ait, or that 
ta which they owe: their peculiar kind of elaſticity 4 
fo that all kinds of air may be ſaid to be vapout 
with ſomething elſe ſo attached to it, as to pres 


* Wee, a m. of the at« 


maſphere. | 44 1 
The nioſt ſiople. of al the- kinds of air are the 
inflammable and dephlogiſticated 3 the former conſiſt- 
ing of water and phlogiſton, and the latter of water 
and ſomething that may be called the principle of ' 
acidity, as it appears to be neceſſury to the conſtitution 
of all acids. Water ſeems to conſtitute: about nine 
parts in ten of dephlogiſticated air, but there ſeems 
ws bes hn es." 
irn. is 
The hepatic ar ef Mr. Bergman aſpen fr 
late experiments to be ſulphur diſſolved in inſlam- 
folved in it; becauſe if either of theſe ſubſtances be 
melted in inflammable air, that ſpecies of air to 
which it gives a name will be formed. According 
to this theory, what I have called ſulphureous inflam- 
mable air will be nothing materially different from 
hepatic air, that is, inflammable air at leaſt partially 
| E emma 
an ee. | 
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:oOftefwaricus kinds ſeems to be diſſolved in in- 
flammable- air, ſo as to make the air burn with a 
lambent flame, of various colours. The variety of 
ſmells of which inflammable air is capable, ſhews 
chat it admits of a great variety of impregnations z 
and this is not extraordinary, conſidering how nearly 
it approaches to a ſimple ſubſtance, as it contains 
onde two elements, viz. water and plilogiſton. 5 

Flired air ſeems to conſiſt of about one half wa- 
ter, and the other half phlogiſton, and dephlogiſti- 
cated air in the proportion of one fourth of the 
former, to three fourths of the latter. It is formed 
by means of inflammable and dephlogiſticated air, 
when either of them is diſengaged by heat from 
the ſubſtance containing it, in the other ſpecies of 
air actually formed, or (which can hardly be ſaid to 
make a different caſe) when the ſubſtanees contain- 
both the kinds of air were previouſiy formed, and 
then decompoſed together, they will make nitrous acid, 
with nothing more (and this only in lome: _— 
than a very ſlight appearance of fixed air. ; 
-\- Nitrous air conſiſts of phlogiſton, and ſome pore 
tivcitof the: acidifying principie, combined in a very 
peculiar and unknown manner, ſo that much diffi- 
culty ſtill attends the theory of this kind of air. 
That it contains the acidifying principle, or ſome 
modification of it, is evident from its admitting a 


1 
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candle to burn in it after long; expoſure to iron; 
And in this ftate, to which I have given the name of 
depblogifticated nitrous air; it ſeerns to want” nothing 
but expoſure to bea to convert it into 
_—_— air. * Ian 217 ie 1618 41 hag 

That nitrous air contains the principle of acidity; 


is alſo probable from pyrophorus firing equally well 


in this kind of air and in dephlogiſticated air. It 
cannot be the water only in them both that is the 
cauſe of this accenſion, becauſe pyrophorus that has 
been ignited, gives out by expoſure to heut one of 
che elernents, at leaſt, of dephlogiſticated air, viz. 
that which · is contained in fixed air. That "nitrous 
air contains this principle, is farther evident from 
the very fine experiment of Mr. Milner, who pro- 
duced nitrous air by paſſing alkaline air over ſub- 
ſtances containing dephlogiſticated air pry opener 
See Phil, Trang Vol. LXXIX. p. 300.” . 


We know but little of the nature of phlogiflicated 
air; but that it contains phlogiſton, ſeems to be 


evident from its aſſiſting to form nitrous acid with 
dephlogiſticated air, in the remarkable experiment 
of Mr. Cavendiſn with the electric ſpark: © The 
ſame may be inferred from nitrous air leaving a re- 
ſiduum (generally about one fourth of its bulk) of 


phlogiſticated air in a variety of proceſſes, eſpeci- 


a e 
it 


0 
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it by heating iron in it. Alſo, as the iron loſes its 
| beſides water, it ſeems probable that the acidifying 
principle in nitrous air is leſt behind in this proceſs, 
and therefore that this muſt be another c 


principle in ' phlogiſticated air. It alſo follows 
| from the ſame experiment, that phlogiſticated ait 


muſt contain all the phlogiſton in the nitrous är, 


which an zin gun. bulk, nde thas- of 


the iron. 
| The. diffrent ſpecies of ald air, ſexm 10. be 


thoſe acids in the form of vapour highly. phlogiſti- 
* and combined with a certain portion of 'wa- 
- Beſides, this, nr 
con of he cert, called fluor rut. 
Alkaline air appears to.confiſt.of fle een an 
and inflammable air, both by its decompoſition with 
heat, and its formation; from: nitrous air and iron, 
either in my own flow. proceſs, with cold iron, or 
Mr. Miner's very curious one with iron red hot. 
But the ſecret of the combination of phlogiſticated 
air and inflammable air, ſo as to conſtitute alka- 
line air, is altogether unknown; and we cannot be 
aid to.know much of the nature of a ſubſtance, when 
we know nothing more. than the elements of which 
it is compoſed, and are. wholly ignorant of the man 
ner of their combination ; ſince ſubſtances moſt re- 
4; ; _ markably 
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markabiy different from each other, appli te b 
ſiſt of the ſame elements in different Pee 
; and united in a different manner. 
The nitrous acid appears from my lte enpetis 6 
ments to be the moſt ſimple of all the acids; ſince 
it is formed by the decompoſition of dephlogiſti- 
cated air and the pureſt inflammable air; and as 
the acidifying principle is the ſame in all the acids, 
eſpecially the three mineral ones, it is probable that 
ſome peculiar additional ſubſtance may be neceſſary 
to conſtitute the vitriolic and marine acids, as well 
as the vegetable ones, But even theſe may differ 
from the njtrous in nothing more than a different 
combination of the ſame elements, ſo very little do 
we know of the internal conſtitution of ſubſtantes⸗ 
The action of the eleFric part upon different 
kinds of air, is not eaſüy explained. As a petma- 
nent inflammable air is formed by it from any kind 
of giving this aerial form to the water and phlo- 
giſton contained in theſe liquors; but as a fed heat 
will do the ſame thing, this effect may be produced 
by means of the mere beat communicated by the 
ſpark. And ſomething communicated by heat, ſeems 
to enter as a conſtituent principle into every ſpecies 
of air, becauſe the water in the worm tub is not 
beatec when air e 
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acids. The element of heat, therefore; called by Dr. 
Black latent beat, extremely obſcure as the ſubject 
is, e een eee eee kinds 
e F 11 FAT L £7 158 0 Mr e we "46 3" 
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. Siege is a real 
ſubſtance, capable of being transferred from 
one body to another, its preſence or abſence mak- 
ing a remarkable difference: in the properties of 
bodies; whether it add to their weight, or not. Thus 
he coneluded that oil of vitriol deprived of water, 
and united to phlogiſton, becomes ſulphur, and 
that the calces of metals, by the addition of the ſame 
ſubſtance, become metals. The air that has ſince 
been diſcovered in the calces of metals, makes no 
great difference in the ſyſtem. For as oil of vitriol 
muſt part with its water, as well as imbibe mu 
I” in order to its * ſulphur, fo 


— | 
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eaht muſt part with its air, as well as imbibe phlo- 
giſton, in order to become a meta. W 
What is now contended for is, that in the oil of 
vitriol changing into ſulphur, ſotnething is 42%, and 
nothing gained; and alſo that a calæ becomes a 
metal by the loſs of air only. And did facts cor- 
reſpond on this theory, it would certainly be prefer 
able to that of Stahl, as being more ſimple; there 
being one principle leſs to take into our account; in 
explaining the changes of bodies. But 1 do not 
know of any caſe in which phlogiſton has been ſup- 
poſed to enter into a body, but where there is room 
to ſuppoſe that /amerbing. does enter into it. 
Wjhat has been inſiſted upon, as moſt favourable 
to the excluſion of phlogiſton, is the revival of mer- 
cury, without the addition of any other ſubſtance, 
from the precipitate per ſe. In this caſe it is evident 
that mere heat, either in a cloſe retort, or in vacuo, 
is ſufficient to revive. the metal. And as what is 
expelled from this calx is the pureſt dephlogiſticated 
air, it has been faid that mercury is changed into 
this calx by imbibing pure air, and therefore be- 
comes 4 metal again, merely in deere 
parting with that air. e {$2263* nt 1. 
But Mr, Kirwan a this wy in the follow- 


| ing manner, which to me appears ſatisfa&tory..; The 
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| $42 OBSERVATIONS | Book XII. 
in eoptatt with pure air , imbibes indeed the pure 
air, and nothing elſe, retaining the whole of its 
own phlogiſton ; ſo. that then it may 'be ſaid to con- 
tain fixed air, which is compoſed of phlogiſton and 
dephlogiſticated air; and that in a greater degree 
ef heat, the latter is expelled while the former is 
retained ; fo that this cahc was always N 


|  phlogiſton ſufficient for its own revival. 


Zut that mercury e nee 1e. 
giſton, ſo as to be incapable of becoming running 
mercury again by mere heat, is evident from my 
experiments on turbitbh mineral. For if this fubſtance 
be expoſed to heat in a very clean earthen veſſel, 
the vitriolic acid fo effectually carries away its phlo- 
_ giſton; that a great proportion of it is left a mere 
calx, capable of bearing any degree of heat with- 
out revival; and it can never become running mer- 
cury again, but by being heated in contact with 
 inflammable air, or ſome other ſubſtance ini 
It is evident, therefore, chat this calx, 
is a dark red ſubſtance, ſometimes hard, and 
ſometimes powdery, is mercury deprived of its 
phlogiſton, and ſomething muſt enter into it before 
it can become a metal. Conſequently, the metals 
_ are not ſimple ſubſtances, but phlogiſton always en- 
ters into their compoſition. This, indeed, is evi- 
ee aac". 
duce 
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duce any of the metals from the calces, aan 
them in inflammable air, which: 4s imbibed by 
hem. nod De. 
Let dernen at} bee Ae e 98 
of opinion that what has been called phlogiſton, is 
nothing more than one of the conſtituent parts of 
water, the other being the principle of acidity z and 
this doctrine of the compoſition and decompoſitica 
of water, has been made the baſis of an entirely new 
ſyſtem of chemiſtry, and-a new. ſet of terms has 
been invented, and appropriated to it. 
It muſt be acknowledged, that ſubſtances/poſs 
ſeſſed of very different properties, may, as I have 
faid; be compoſed of the ſame elements in different 
proportions, and different modes of combination. 
It cannot therefore be ſaid" to be abſolutely” impoſe 
ſible but that water may be compoſed of theſe two 
elements, or of any other; but then the ſuppoſition 
ſhould not be admitted without prof; and if a for- 
mer theory will ſufficiently account for alkthe fas, 
there is no occaſion to ne 26 e en 


ae ng er eee 
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moſphere, which is the property of other bodies 
containing phlogiſton. By this means it may, in 
fact, contain both the principles, of which, accord - 
ing to the new theory; it wholly conſiſts; and in 
what degree it contains them, we cannot tell. For 
though heat may expel a part of them in the form 
of air, the force of this action may be limited, ſo 
that water boiled ever ſo long may retain much 
air, which only a red beat will diſcover, eſpecially 
ſo intenſe a heat as electricity is known to commu- 
nicate. But this is no argument againſt the doctrine 
ciple is contained in water, more or leſs intimately 
combined, as well as in many other ſubſtances. 
This may ſerve as a general reply to the conclu- 
fions that Meſſrs. Van Trooſtwyck and Dieman 
have drawn for their very ſtriking experiments on 
water, till they can be repeated and SA ene 
the attention that they certainly deſerve. 
Finding the proceſs for procuring On 
ter, by means of the elefric ſpark, a very ſlow one, 
and liable to many accidents, I had -recourſe to a 
well glazed hof earthen tube, and then to a burning 
mirror, throwing the focus upon a piece of crucible 
covered with water. In all theſe three methods I 
procured air; ibut thinking to preſerve them till I 
got 2 quantity ſufficient . for a few exploſions, in 
order to * any — 
ideen fou 
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found they were all either completely, or very near. 
ly, gbſorbed by the water, even water ſufficiently 

ſaturated with air, ſo that it would not imbibe 
either dephlogiſticated or inflammable air. Conſe- 
quently, ſamething was wanting to conſtitute this 
produce proper permanent air. In this view the en- 
periment is extremely curious, and well deſerves to 


be proſecuted. If I have a good ſun in the courſs _ 


of the wpproaching fear, T'Bull a -00/66- 
tend wh: 

It is ſaid by Mr. Lavoifier, and his friends, that 
water muſt conſiſt of inflammable and dephlogiſti- 
cated air, ſince it may both be compoſed from 
them, and reſolved into them again. But their ex- 
periments I have ſhewn not to authorize the conclu- 
fion that has been drawn from them. When de- 
phlogiſticated and inflammable air are decompoſed 
by heat, both in my experiments and theirs, nitrous 
acid is always formed; and though this acid has 
been faid to come from the phlogiſticated air, 
which could not be wholly excluded in the proceſs, 
it is manifeſt from ſeveral conſiderations that it 
could not have this ſource ; eſpecially as the ſame 
proceſs will not at all decompoſe, or in the ſmalleſt 
degree affect, phlogiſticated air. Beſides, if phlo- 
giſticated air ſhould contribute to the formation 
of this nitrous acid, it is moſt natural to ſuppoſe that 


ir is effected by imparting phlogiſton, W it 
Wx. III. Nan | Prine 
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principally conſiſts ; and in this manner I doubt not 
it does contribute to the formation of nitrous acid 
in the experiment of Mr. Cavendiſh, the dephlo- 
giſticated air furniſhing the principle of acidity, and 
the-phlogiſticated air Phlogiſton, as the inlammabis 
air does in my experiment. ' 

In what manner ſoever dephlogiſticated * in- 
flammable air be made to unite, they compoſe 
ſome acid, and in no caſe pure water. If iron (con- 
taining phlogiſton) be heated in dephlogiſticated 
air, or if precipitate per ſe (containing dephlogiſti- 
cated air) be heated in inflammable air, fixed air is 
always formed; whereas according to the modern 
hypotheſis, water only ought to be produced in both 
the caſes. That the fixed air ſhould come either 
from the plumbago in the iron, or from the preci- 
pitate per ſe, is impoſſible on the account of the 


quantity of it, The precipitate that I made uſe of, 


contained no fixed air at all, and whatever plum- 


bago there may be in iron, it is always retained in 


the calx, and does not enter into the inflammable 
air procured from it, becauſe that inflammable air 


may be decompoſed without producing any fixed | 


abr 


it is made to paſs over red hot iron, the iron im- 


bibing the acidifying principle, and the remainder 
wg Fee io of om es. But it is - 
| unfor- 


Water, they ſay, is completely decompoſed when | 


I 
| 
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E. 
"ol 


elt. Il on: "PHEOR r. $47 


unfortunate for this hypotheſis, - that: no ſubſtances 
will anſwer for this experiment, except ſuch as have 
always been ſuppoſed: to contain phlogiſton, and 
that all theſe do anſwer. It is theteſore much more 

probable, that the inflammable air is. formed by the 


phlogifton: from theſe ſubſtances, and the water. with 
which it is then ſupplied as a baſe, and that if any 


part of the ſubſtance remain, and acquire weight, 
it receives that additional weight from water only. 


Charcoal almoſt. wholly vaniſhes in this proceſt, 


which it probably does by its entering wholly into 
the air that is produced, and the fixed air that is 


ſounck mixed with the inflammable air, only ſhews 
that charcoal contains all the elements of fixed air, 


the acidifying principle as well as phlogiſton, and ic 
has not been ſhewn that it does got. 


Iron acquires weight in this . proceſs, but it ap- | 
pears, to be from water only, becauſe when, after 


this, it is heated in inflammable air, that air is im- 
bibed, and nothing but the pureſt water ia found 
in the veſſel; whereas if this iron lag, or finery ein- 


der, had contained the acidifying principle extracted | 


from the water, the heating of it in inflammable air 
would be attended with the ſame phenomena as the 
heating of precipitate per ſe in the ſame kind of air, 
viz. che production of fixed air. But this is not the 
©  caſe;z+there being no mixture of fixed air in what 


ESRI which finery cinder 
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is heated, but always in _ in which the precipi- 
tate is heated. 
The fame is perhaps fill more evident from heat- 
ing the two ſubſtances, minium and maſſicut, in in- 
flammable air. If minium, which contains pure 
air, or the acidifying principle, be heated in inflam- 
mable air, the lead will be revived, and fixed air 
will be found in the veſſel ; but if maſſicot, or that 
minium from which its air has been expelled by heat, 
be uſed, though the lead will be revived, no fixed 
air will be found. The refult will be the very fame 
as when iron is revived OREN. + 
flammable air. A 
Had the iron imbibed dephlogificited air from 
tweet; and not water itſelf, there ſeems to be 
no reaſon why fixed air ſhould not be found in this, 
as well as in the exactly ſimilar proceſs with minium 
and precipitate per ſe. Alſo, it can never be ſup- 
poſed, that the addition which iron gains, of one 
third of its weight, is from air contained in ſteam, 
if it could be proved to contain any; becauſe, if 
| there be a ſufficient quantity of iron, the whole of 
the water will be imbibed ; ſo that, on this hypo- 
theſis, water _ man but . | 
air condenſed. 

There is, I aglinowiady/a en hee 
plaining the experiment of iron firſt imbibing water, 
and parting with phlogiſton, and again parting with 
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its water, and imbibing phlogiſton, in circumſtances 
A heat fo nearly ſimilar as thoſe which I have de- 4 
ſcribed. It ſeems as if the affinity of iron to water 'Y 
and to phlogiſton was each, in their turns, ſtronger. 
than the othet. To this 1 can only ſay, that the 
whole doctrine of affinities, as far as: it. is true, is 
founded on facts; and-thele are clearly ſuch as I 
have repreſented ; and that a difference of circum- 
ſtances, which is not apparent at preſent, may be- 
come ſo when nnen 
enn RY 
_ © The reſults of the experiments Sic eee 
compared with thoſe in which finery cinder was 
uſed, not having been recited before, I ſhall” intro- 
duce them here. In both theſe caſes the reſiduums 
of the inflammable air were equally free ſrum fixed 
air; and when they were fired with equal quantities 
of dephlogiſticated air, the diminutions of bulk 
were very nearly the ſame, leſs than when the ori- 
ginal inflammiable air was uſed, becauſe all the im- 
purities in the whole quantity were retained in 4 
but pure phlogiſtan. Alſo the inflammable air had 
been long confined by water, in conſequience of 
which it is always altered more or leſs. hong po 
e e aprI | 
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The finery 'cinder was revived an 5 oz. m. of 
inflammable air, which was thereby reduce to 1: Oo | 
m.; and an oz. m. of this reſiduum being fired to- 
gether with an equal quantity of dephlogiſticated 
air, not very pure, the diminution of both was to 
28 diviſions of a tube, of which 30 was one oz. m. 
when with equal quantities of the ſame dephlogiſti- 
eated and the a N inflammable we pes diminu- 
tion was to 1. oa 
The maſſicot was reduced in 8 o. m. of inflim- 
mable air till it was reduced to 14 oz. m.; and aſter 
the: proceſs with the dephlogiſticated air, the dimi- 
nution was to 29, when with the original item 
ble air it was to 171. i ee ene 297 b 
nin both the reſiduums kater the explbtitn; there 
was alight appearance of fixed air; though none 
eould be ' perceived beſore the exploſion; but in 
both caſes it was ſo Night that it could not have 


been perceived by the "diminution of its bulk. Bur 
ſince both fixed air and nitrous” acid are produced 


from the ſame materials in different circumſtances; 
ir cannot be thought extraordinary if, in ſome my 
| beth ſhould! be produced at the ſame time. 

Another argument againſt the artiphlogittic 55. 
tine; may be drawn from ſome experiments which 
I made upon Pruſſian blue, if the ſmall quantity of 
fixed air that can be expelled from it by heat, be com- 


K. II. 
pared with the — — is 
heated in dephlogiſticated air. 
According to Mr. Lavoiſier, finery 1 con- 
tains nothing beſides iron, and the principle of. aci- 
dity. But if this be the caſe,” and if charcoal, as 
they maintain, be a ſubſtance that contains no phlo- 
giſton, but is only capable of forming inflammable 
air by its aſſiſting to decompoſe water, the heating 
of this dry cinder, together with diy charcoal, ought 
not to produce inflammable air, which however it 
does in great abundance; whereas this ſact agrees 
exactly with the common hypotheſis, the cinder, in 
return for the phlogiſton it receives from the char- 
coal; giving out the water which it had before im- 
bibed.z and this water enabling the remainder of the 
charcoal to take the form of inflammable ai. 
Ice has been ſaid, that if the finery cinder con- 
tained nothing but water; it could not be formed bß 
heating iron in dephlogiſticated air, which however 
is done with as much certainty as in pure ſteam. 


u Tur r.. gon 


1 But by far the greateſt part of the weight of dephlo4 


giſticated air is water, and the air being decompoſed 
in the proceſs, the water is imbibed by the iron; 


and the acidifying principle contributes to forin fixed 
air, with the phlogiſton, which is at the ſame time 


7 expelled from the iron; a fact which cannot be act 


counted for on the new hypotheſis, Which admits 
5 OO in the iron, which, by its combination 
| Nn4 with | 
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with dephlogiſticazed ar, or any conſtituent part of | 
it, can form this fixed air. 

i water be not decompoſed, both ie 
ſulphur do certainly yield inflammable air, when 
ſteam is made to paſs over them in a red heat. 
They cannot, therefore, be Simple ſubſtances, as the 
- antiphlogiſtic theory makes them to be. Alſo, the 
fame thing that they have parted with, viz. inflam. 
mable air (or rather ſomething that is left of inflam- 
mable air when the water is taken from it, and which 
may as. well be called phlagiſtan as any thing ele) 
may be transferred to other ſubſtances, and thus 
contribute to form any of the metals, ſulphur, phoſ- 
phorus, or any thing elſe that has been deemed to 
contain phlogiſton, This phlogiſton, alſo, no 
doubt, having weight, it perfectly correſponds to 
, the definition of a ſulhlance, having certain affigities, | 

by means of which it is transferred, from one body 
to another, as much as the different acids. 

If chere he no ſuch thing 85 one principle of phlo- 
gifton, transferable from one. ſubſtance to another, 
and the doctrine of the decompoſition of water be 
denied, it muſt be admitted, that inflammable air 
from fulphur is real ſulphur and water, that from 
iron, iron and water, as well as chat very different 
ſubſtance, the. ſale of iron. And ſinee copper, or 


any other metal, may be made of inflammable air 
from iron, bo, all the metals will be, in fact, con- 
J yertible 
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vertible into one another. At leaſt, it may be ſaid, 
chat all the component parts of any one metal may 
be ſo incorporated with any other, that no teſt can 
detect it. Alſo iron, made of inflammable air from 
ſulphur, ought, upon this hypotheſis, to have the 
properties of ſulpburated iron, which undoubtedly it 
would not have. An hypotheſis loaded with theſe 
difficulties muſt be inadmiſſible ; whereas that of 
phlogiton is extremely Arte, and, ms far us ap- 
pears,” of univerſal application © 

| [The deen cher the g en pare af thainelght 
of inflammable air, as well as of other kinds of air, 
is water, does not roake the uſe of the term phlo- 
giſton leſt proper: for it may be ſtill given to that 
Principle, or thing, which, when added to water, 
makes it to be inflammable air; as the term aciui- 
Hag prinople may de given to that thing which, 
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TT will be expected, chat in this: reply; to the ob- 

jections that have been made to my experiments 
eſtabliſhing the doctrine of phlogiſton, I ſhould con- 
ſider what has been alledged by Meſſrs. Lavoiſier, 
Berthollet, and de Fourcroy, in favour of their. new 
ſyſtem, in their Report on the ſubject of the new 
chemical characters invented by Meſſts. Haſſenfratz 
and Adet, ſubjoiĩned to the new Nomenclature Chy- 
mique, > I ſhall therefore notice what appears to me 
to be moſt important in that publication. 

« One of the articles of the modern dea 
of which they ſay, p. 311, © that it coſt more than 
© twenty years labour, which the force of reaſon- 
« ing has obliged many celebrated chemiſts to 
« adopt, and in favour of which much greater num- 
« bers are ready to decide; (and the evidence for 
which they ſay, p. 301, © is the moſt complete 
e chemical proof) that ſeems the moſt ſolidly. 


_« eſtabliſhed,” p. 298, © is the formation, the de- 
35 « compoſition, 


d uE of woe? dia 


4 compolition} and Tecompoſitioh of HRS 11 

“ how is it poſſible,” they add; "46 to doubt of"; 

« when we ſee” that, in burning together fifiten 

on; grains of inflammable air and eighty five öf pure 

« air, we get exaRtly 4 hundred grains of We! 
«and when we can, by decompoſition, find a gain 

« theſt ſame two principles, in tſie fame" af 

« tions ?” 

: To this 1 mt ſay; as 1 did, when ail, 

believer in the decompoſition of ware, that 1 have 


decompoſed in the water pr d by the” decom. 
poſition ; and that now I apprehend it will hot be 
denied, that the produce of this decompolit ition is 
not mere water, but always ſome acid. N N 
XI. Lavoiſter and his aſſociates farther obſerve, 
p. 300, with reſpect to my expeirrients, that when 
6 calx is revived in inflammable air, more watel 
&« jg found in the veſſel than the weight of inflam- 
& mable air that diſappears, ſo that it could not 
e have been contained in that air.” They only 
refer to my experiments in general; but as they 
ſpeak of te water produced as appearing both on 
the inſide of the veſſel, and on the ſurface of the 
mercury, it can be no other than the experiment 
of the revival of iron from finery cinder ; and the 
water that is found in this proceſs was never ſup- 
poſed. to come from the little that is contained in 
— the F 
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the inflammable ar. but the much greater quantity 
contained in the cinder. _ 

I ſhall alſo conſider the farther. objeftions that - 
have been made to the doctrine of phlogiſton, and 
to my experiments in favour of it, that have ſince 
been made by Mr. Berthollet, in an elaborate Me. 
m. 
P. 63, &c. | 

To the experiment with. ** 
charcoal Mr. Berthallet objects, p. 79, that L pro- 
bably got more fixed air than inflammable, that the 
inflammable air contains much charcoal diſſolved 
in it, and that in many experiments charcoal appears 
| Rs eee! | 
Ho obſtinately charcoal retains water, is eaſily 

aſcertained. For Mr. Berthollet himſelf would fay, 
that when any particular degree of heat would not 
make charcoal yield any more. inflammable air, 
there was no more water retained in it than the 
ſame degree of heat was able with its aſſiſtance to 
. decompoſe. But by the aſſiſtance of finery cinder, 
with even a much leſs degree of heat, it yields in. 
flammable air very copiouſly, juſt as if ſteam had 
been made to paſs over it in that heat; and judg- 
ing from evident appearances, there can be no doubt 
but that, with a ſufficient quantity of finery cinder, 
to ſupply it with. water, all the phlogiſton in the 
charcoal, excluſive of that which contributed to the 

revival 
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revival of the iron, will be converted into inflam- 
mable air. As to the proportions between the fixed 
air and inflammable, and that of the charcoal; which 
he ſuppoſes to be combined with the inflammable 
air, they are ee ee ee 
which is formed from charcoal by water. 

| To my experiment with the ura ponderyſe, which 
proves that water is a conſtituent part of fixed air, 
and therefore probably of other kinds of air alſo, 


| Mr. Berthollet objects, p. 82, that I did not ex- 


amine the loſs of weight in this ſubſtance. But 
after the proceſs it adhered fo cloſely to the earthen 
tube in which the experiment was made, that the 
loſs of weight cannot be aſcertained with accura- 
cy. But this is not at all neceſlary.”” I found 
very exactly how much fixed air a given quan- 
tity of this ſubſtance would yield by means of 
water, which appeared to be the very ſame that it 
yielded by ſolution in ſpirit of ſalt, and that it yielded 
no air at all by mere heat without water. It was 
quite ſufficient therefore to find how much water 
was expended in procuring any quantity of fixed air 
from this ſubſtance. And as there was no other 
ſource of loſs of water beſides the fixed air, it could 
not but be concluded, that it entered into its com- 
poſition, as a neceſſary part of it, and in the pro- 
| portion which I aſcertained. . | 
Mr. Bertholler in this memoir takes it or grant- 
ed that, in 96 


$58 onsBRYATIONS Book XII. 


and inflammable air in the copper tube, the acid 
came from the phlogiſticated air, which I acknow- 
ledge that I could not wholly exclude, merely be- 
cauſe. dephlogiſticated and phlogiſticated air pro- 
duced the ſame acid in Mr, Cavendiſh's-ſlow and 
very different proceſs by the electric ſpark, without 
"conſidering my repeated anſwer to this objection, 
_ viz,/ that it always appeared by actual trial, that any 

given. quantity of phlogiſticated air, purpoſely mix- 
ed with the two other kinds of air, always remained 
intirely unaffected by this proceſs ; that the more 
phlogiſticated air that was mixed with the dephlo- 
giſticated air, the leſs acid I conſtantly got, and that 
the purer the dephlogiſticated and inflammable airs 
were, the more acid I got. | 

He alſo ſuppoſes that in this GATOS non: 
cured a ſulphureous arid, and that it became, by 
imbibing pure air from the atmoſphere, a proper 
nitrous acid. But as the experiment was made in 
a a cloſe copper tube, and in general with no ſuper- 
fluity of dephlogiſticated air, there was no oppor- 
tunity of the liquor attracting any. Beſides it is not 
at all material which of the nitrous acids be formed. 
That a great proportion of it is of a highly phlo- 
giſticated kind is acknowledged, and on this account 
it is that it fo eaſily makes its eſcape, ſo as to 
have deceived t the ad vocates for the enen 
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difference between my 9 and Lias, of Mr: 
Cavendiſh by the difference | of temperature, whereas 
no ſuch idea ever occurred to me. It is probable, 
indeed, that the heat communicated, by thè electrie 
ſpark is much greater than by the ſimple ignition of 
dephlogiſticated and inflammable air. But if this 
be the reaſon why phlogiſticated air is decompoſed 
in Mr. Cavendiſh's proceſs and not in mine, which 
I am far from denying (becauſe in moſt other caſes 
of the effect of electricity on air, it ſeems to act by 
the mere communication of heat, ſince in moſt other 
caſes heat communicated in a different manner will 
produce the ſame effect) ſtill it is a degree of heat 
that is communicated in the one caſe, and by no 
means in the other. As yet we know of no heat 
equal to that of the electric ſpark, and this may be 
the reaſon why it is able to decompoſe common 
air, which no other heat is. 
He ſuppoſes, p. 89, 9o, that the experiment in 
which I procured fixed air from the precipitate per ſe 
with which he obligingly furniſhed me, was by ex- 
ploſions in the copper tube; whereas it was that 
with the burning lens, a proceſs totally different. 
By the one I uniformly produced nitrous acid, and 
11 1 

The precipitate per ſe with which Mr. Berthol. 
let furniſhed me, he ſays, p. 91, contained a con- 

ſiderable 
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fiderable- quantity of fixed air; and yet he allows, 
that when admitted to lime water it did not imme. 
diately make it turbid, which it is well known a 
tenth part of the fixed air which I procured by 
means of it would have made it inſtantly and com- 
pletely white. The turbulency that came on af- 
terwards muſt therefore have had ſome other cauſe, 
probably ſome acid ef vittiol in the water of the 
trough in which the experiment was made, and 
which gradually inſinuating itſelf into the lime wa- 
ter in his tube, would make /eenite, a thing that has 
frequently occurred in the courſe of my own ex- 
_ periments, and which for ſome time purer me 
not a little. 


| The quancty of fixed air produced by heating 
ſubſtances in inflammable or dephlogiſticated ait 
with the burning lens, Mr. Berthollet ſuppoſes, p. 
93, I over-rated, by meaſuring it in a heated veſſel. 
But the quantity of air was always meaſured in a 
ſeparate veſſel, and in the very ſame temperature 
in which the air on which I operated was meaſured, 
There was therefore no danger of iny making it 
more than it really was, and though he ſays it was 

no more than the precipitate per ſe would have 
yielded, I do not heſitate to ſay that it was infinitely 


more, baryon the precipitate of itſelf yielded none. 
at * | 


1 muſt 


ab thar ads 1 . 
Fury cindir (becauſe it was ſo called in the furnaces, 
and I am not fond of giving new names to things) 
Mr. Berthollet always calls an axide f iron, and he 
| alſo calls maſirbr an ovide of lead, taking it for grant- 
ed, that they conſiſt of thoſe metals united to the 
principle of acidity, and he thinks that my pro 
ducing only water from heating them in infamma- 
ble air to be a preſumption that ng other oxide 
can do any thing more. But 1 hae abundantly - 
ſhewn that the finery cinder contains no acidifying - 


when it becomes maſſicot - | Thoſe metals there - 
fore are revived by inflammable air from this kind 
of calx without producing any fixed air, to che 
compoſition of which dephlogiſticated ain or e 
_ acidifying principle in it, is neceflary. © He ſays, _ 
e 
maſſicot cannot change its nature But this it 
 dently does by expelling fror it al its dephilgifti- 
cated air, and by this means deprives it of its. power 
of generating fixed air when. it is heated in.inflam-... 
- mable air. Ho elſe can Mr. Berthollet explain 
the produftion of fixed ar in this proces by anapl: . 
of minim, and not by means of maſfcet ? EE 
Inflammable air from iron, Mr. Berthollet bye. 
p:. 97z contains more or leſs'of charcoal from the 
plumbago contained in it; and that this is the 
Vor. III. p n ſource 


principle at all, and it is expelled from minium 
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ſource of the fixed air that I have found in the de- 
compoſition of it. But it may not only be wafhed 


in lime water, but even be wholly decompoſed by 


being fired together with dephlogiſticated air, with- 
out diſcovering any fixed air at all, ſo that it is im- 
poſlible that it ſhould have contained any. Alſo 
it is highly improbable à priori that inflammable air 
from iron contains any thing from plumbago. In 
all the ſolutions of iron in acids the plumbago is 
leſt undiſſol ved and that. indeed is the only method 
by which we can eſtimate the quantity of it; and 
when inflammable air is procured from iron by 
means of ſteam, the caſe is no doubt the ſame; 
becauſe the inſlammable air procured in this man- 
net appears in all experiments to have the ſame 
properties with that which, is procured by means 
of acids, I always uſed the pureſt malleable iron 
till I found that there was no difference whatever 


between the air procured from this, and that from 


. caſt iron by means of ſteam. Had plumbago at all 
entered into the inflammable. air, there muſt have 
been a greater quantity of it in that from caſk iron 
Han fray, the. maalleable, Gnce.the, foumes cootaing 
1 M. Bertoller obje@ts to my obſervation, that the 
weight of the liqupr which I produced from the 


decompoſition of dephlogiſticated, and. inflamamable 


air was never equal to the weight. of the air, which 
— dees 


U 
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difference account for by the eſcape of 15 phlo- 

giſticated acid; becauſe I took no account of the 
refiduum of the air in the veſſel in which I made 
the exploſions; But if he reads my paper wi 
more attention, he will find that I did not overlook 
this circumſtance; ſince I meaſured the capacity of 
| the veſſel by the quantity of air that actually diſ- 
appeared; by having been completely decompoſed in 
the proceſs ; ſo that there was no occaſion what- 
ever to take an account of the ait thut wis not 
affected by it: 

Theſe are all th objections that I have yet, beard 
ta the doctrine of phlogiton; The reader will judge 
of the force of themy and alſo of my replies. As I 
have been more than once upon the point of aban- 
dening it; and in my ſixth volume actually declared 
in fayour of the dcm of water, I ſhauld not 
feel much reluctance to adopt the #ew dine; pro- 
vided any new and ſtronger evidence be produced 
for it. But though I have given all the attention 
that I ean to the experiments of M. Laveiſier, Gr. 
5 r eee 
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| n the New Arrangement of th Materials f Sir vu. 
© James, it will not be thought extraordinary that a me r 
© Omiſſions ſhould be Wade, Kr cen are all 
that] _ map 


be 


* 
* o * 6 „ * 


* 
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4 Vol. 1. p. 128 yy after the laft paragraph, add 


* LASLTY, I would obſerve that Sir Wm. Lee 


was ſo _obliging as to communicate to me a very 
uſeful diſcovery of his, viz, to keep fleſh meat a 

| long time ſweet, even in hot weather, by frequently 
waſhing it with water impregnated with fixed air, 
JJC 
to Vol. II. p. 461. 


Po. IT. p. 34), Her the frond para ah 


Mater Nah, anc ee 4 Sd, re- 
quire the ſame quantity both of vitriolic acid air, 
and of fluor acid air, to ſaturate them. Water, I 


|. have obſerved, imbibes about ten times more 


marine acid air than it can of vitriolic acid air. 
In order to try the power of water to imbibe 
 flvor acid air, I put fix grains of water into a ſmall 


— 
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5 das tube, cloſed: at one end, into a jar of fluor 
acid air, and ſeven grains of water to another jar 
. of the ſame air. The former imbibed one ounce 
meaſure of the air, and the latter two ounce mea- 
ſures. This was in a wider veſſel, which was 
probably an advantage with reſpe& to the abſorp- 
tion of the air. This abforption, however, though 
certainly greater than in the caſe of vitriolic acid 
air, is far ſhort of the-quantity that would have been 
imbibed of marine acid air; and I afterwards found 
that the Fluor... cruſt itſelf imbibes a conſiderable | 
quantity of this acid air; ſo that it is poſſible, 
chat, excluſive of this abſorption by the fluor cruſt, 
the water might not have imbibed more of this, 
than! it would haye done of vitriolic acid air. 


- Did, 5. 39 after the dur of bi, 1h 


| The mixtuig of any other of the acid airs, with 
alkaline air, makes fo beautiful an experiment, 
that it was naturally one of the firſt that 1 
_ thought of making with this new acid air. Ac- 
_cordingly, I got the appearance that I had expect- | 
ed; a, white cloud being formed by the union of 
_ theſe two kinds of air, But the alkaline air did not 
mix ſo readily with this as with the other kinds of 
acid air ; and which ſurprized me much at the time, 
_the ſalt formed by the union of theſe two kinds of 
Ar was not ſoluble, either in water or ſpirit of wine. 
þ O03. * 
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But, in fact, the proper nb formed by the union of 
theſe kinds of air was, no doubt, diſſolved in 
the water; that which remained undiſſolved being, 
as I eonjefture, the fony ſubſtlance only which had 
deen held in ſolution in the acid air. This ſtony 
fubſtance being mixed with the acid air, is alſo pro- 
bably the reaſon why the alkaline air does not mix 
fo readily with it as with the other kinds of acid 
air; ſome time being requiſite to diſengage i it from 
this ſtony ſubſtance, in order to its 8 with the 
alkaline air, 
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N. B e ee a dinote the ee 4 the C 
gages, When no volume is expreſſed, he EEE: 
wohne laſt mentiqnedy is to be underfloor, | 


raking nitroms cid il 17 85 
ACBTOUS egee, fixed air bet the villow plant, 4313 


produced i in it, 146 | racte\ 0 f 
Acill airs, all the kinds of them Nie cements of Which A aff | 
mixed with fixed air, 383 Ling are ales ons 
ide abſorb nitrous air, 38; im- 


it, I; in the hollow parts of Aale air diſcov 
plants, ii. 202; in ſea Weed, ii. 
275 produced rapidly or flow- 
ly, ii. 438; kinds of it that have 
no mutual action mixed, 44 at 
expanded by heat, 448 x th 
ſ gravity, 451 5 ſound in 
em, 45.33 conductors of heat, 
457 their refractive p) 
460; in the bladders of fiſhes, 398 
STS CERN”. 
n the calces 4 . A 
ſuppoſed to be. contained row, farmbl by ni- 


* hs, 
mercury b. trous air, 3898. 
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by hea 1 affected by 
ſpirit o nitre, iii. 86; producing 
green vegetable matter, 322. 


e for experiments on air, 
Apia Repay a new kind of it, ili, 


N Mr. his lamp recom- 
mended, 41 
Arſenic, inflammable air from it 
y heat and ſteam, 204 
— vo fixed — 83 1 
— N air from them, 91; 
of wood do. 90 
' what pro- 


8 air, 
es not injured, ii. 19 ; by 


whit it is injured, 2033 ; 
and ſulphur, &c. 203 ; by 
of charcoal, 206; by calcination 
of metals, h 209} ; by putrefaction, 
216; by calces of copper and 
iron, 2193 by vapour of mer- 
S en 2324 by bt of 
EY » 232; by pm 
. nitre, 236; water freſh diſ- 
' tilled, 243; by flowers, 227; 
by the electric ark, 248; by 
putrid marſhes, 2533 by inflam- 
mable air, 266; its purity in 


different circumſtances, 259; re- 


deren dy banal n. 
| 273: 393 a. 4 


—. ö from meroury, 

Mi. 433 

Bladder, ring brought, 14 
"388: +71 
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Blood, air from it, 99; aſe of it 
ii. 348 
_ air from them by ſteam, 


Boyle, Mr. his diſcoyeries concern- 

ing air, Se: 
 Brownin his obſervations on 
air in ont water, 4 of 


C 


Calces of. metals, imbibe inflam- 
mable air, 248; revived in al- 
I-62 air, 2561 air. from them, | 


469 
Calcination of metals, injures air, 
ii. 209, 219 
Candles, the burning of them in- 
rots, inflammableairfrom them, 
; cerning air, 52 
Chalk, air from it, 22 
Charcoal, air from it and finery 
— 2043 29750 abſorbs in- 
7 air, 2233 air from it 
by ficam, 2843 cated in ni- 
tous air, ſl. 38 fumes of it in. 
Jure air, 2063 heated i in dephlo- 
icated air, iii. 3773 its con · 
ducting power, iii. 3963 its ex- 
panſion by heat, 410 z air from 
it, and imbibed by it, 474 
ä of metals, iii. 425 3 of 
copper in dephlogiſti- 


cated air, 164, iti. 377 


Clay, * it, 71, 80 6 
Clyſas, of nitre, air from it, 352 
Coat, air from it am, 303 
Coal pit, ſtate of the air in it, 29 
in infla} 
r, ill. 337 he. 
Conduing power, of certain ſub- 
ſtances, ui. 512. 
Capers OR Hah n+. 


e 


* 


IND 569 
in a ſolution of it, ili. - 203; clit Biber, inifanihablle dip hom M by 


of it heated in infla le air, 
489; ſolution of it in ſpirit of 


nitre expoſed to a continued 


heat, 521, 399 
it, as” 
D | 
logificated air, entersinto the 
fition of fixed air, 145; 
e or of it, ii. 1023 
duced by ſpirit of nitre 
Calx of lead, x20; from . 
kinds of earth, 128; from vitri- 
olic acid and the metals, 141; 
| $0: 090 other ovary is 1493 
| ſeyeral mineral ſubſtances, 
3550 combuſtion and reſpira- 


in it, 160; great purity of 48 
5 rocuredi vegetables, 101; the electric 


large quan- 
nitre, 1733 white 
matter depofited from it, 178 
plants growing in it, iti, 2763 
nntity of it conſumed in re · 
piration, 3 3757 emitted from 
green vegetable matter, — Ms 
DephlogiMeated: nitrous air, the diſ- 
covery of it, ii. 54; from the ſo- 
lytion of metals in nitrous acid, 
— filin 1 _— — 


a it, 103 procur 


Eletric fpdrk, it in fixed air, 1121 in 


us air, ii. 223 in hlogiſ- 


ticated nitrous air, 923 in com- 
mon air, 8 in marine acid | 


| air, 2933 in vitriolic acid air, 


iii. 508 , 


| N F 


e Fi/hes, their reſpiration, iii. 


ol de 


| — 196; by heat, 201; 


with marine acid air, 
ii. 2863 impregnated with ni. 
trous vapour, ul. 138; various 
ut 287 90s it, it. 436 
* 


Finery cinder, air from it and char- 


coal, 204, 2973 various experi- 
ments relating to it, itt, 304. 

3823 
in water r in 8 1 fix- 


etal Lord oo; to 


ſpark in it, 1123 its — 
28 1193 8 
ter by boiling, 120; the freezing 


of water _—_— "% 


how affected by iron filings 


ſulphur, 12x; changed by being 
inc rated with water, * 3 


to heat, 125 
ion from 4. con- 
water, 125 ; in acetous 
363 from putrid 


tained 
ferm 


mice, 127; water eſſential to 


nitrous 
acid, 13 ; from the atmoſphere, 
796; from the 8 opt. 


1673 not ooo r= 


. &e, 172 z procured by inflam- 


mable or nitrous air 18ing on 
dephlogiticated air through a 


9 174 


bladder, 
ub meat, infammable ar from 


the ; 
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the putrefaction of it, 216 pre- 
ſerved by water impregnated 
; with fixed air, iii. $64 


Flocueru, their eſſtuvia injure air, 


ii. 247 


Fluor acid air, the diſcovery of it, 


ii. 339; water faturated with 
it, 342 ; the conſtitution of i 
5 349 ; various ſubſtances expo 
to it, 353 ; miſcellaneous ex- 
periments on it, 363; corrodes 
glaſs when hot, 366; mixed 
With alkaline air, ui, 565 


ſtoration of air by vegetation, 
iii, 269 | 
Freezing, of water impregnated 
with vitriolic acid air, 359 
Fruits, inflammable air from them, 
213 . 
= NY 
te, — it, Ot | 
| 7 matter pure 
. air , . 282 3 bi 
06 


! its RY > 

+ from vegetable ances 

A water, 3723 from animal ſub- 
-. ances, 322 


in different kinds of air, iii. 205 ; 
a production fimilay to it, 206 
| * 


- | ing air, 5 Mot bp 
| Hag, its effects om different kinds 
_ of air, ii. 448 3 how conducted 
Wo ierits with it, til. 316 
Jblinont, Vaw, bis diſcoveries con- 


cerning air, 2 | 
ſtate of the air in them, 


Ts” 


Tee, in marine acid air; its 498 
Iyffummabls air, obſervations on 


* 


ratiklin, Dr. his letter on the re- 


der, air from it. 3513 fired 


it, 182 ; from metals, 183; af- 


ſects common air in its naſcent 
ſtate, 187; from oil, 195; do. 


of turpentine, 198, 248 ; from 
various ſubſtances by heat in 
water, 200; do. putrefying in 
water, 206; in mercury, 2163 
828 by charcoal, 223 pu- 


ion in it, 224; plants 


growing in it, 224; water im- 
pregnated with it, 425 ; animals 
dying in it, 229; changed, by 
_ ſtanding in water, 236; the elec - 
tric ſpark jo it, 434 ; different 
ſmell of it, 234 ; decompoſed 
im hot flint glaſs tubes, 2343 ful- 
phurated, 241; imbi ed by | 
Calces of metals, 248 ; ſulphur 
oquced by means of it, 264 ; 
; phophoras do, 462 ; nitrous air 
0. 2633 contains water, 466; 
from charcoal and iron by means 
of ſteum, 286; from bones, 360; 
from zinc, $07 ; from coak, 3033 
the phlogi on contained in it 
compared with that in nitro 
air, 305 ; analyfis of differen 


kinds of it, 308; burned with 


nitrous air, 408; how it affect 


common _ ji. 466 ; from al- 


kaline air, 389; fred in the va- 
7 yu of nitrous acid, ni. 177 ; 
497 


fron in its different ſtates, 


inſtammable air from it 
ſteam, 288 ; heated in'tiitrous 
| al li. e 49 woe de 


P | nitrous air by a 
_ folution of co „763 that has 
been uſecdl ts nitrous 


3 1 
—— to it, iii. 490 heated 
k ieated Ar, 15. in- 

flammabie air from it i differ- 
eit dates, 491 annealed, 493 


pre · 
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hy wow 
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pitated from its folutions 


heat, 529 

pot ae re 
n in air 

9 air from rY 1843 dimi- 
niſhes nitrous air, ui. 65 pro- 
duces dephlogiſticated nitrous 
air, 9s atfects common air, 


- 203 L 


5, Sig. his obſervations on in 


volcanic fires, ti. 158 


why air from it, 86 
his acconnt of pre- 


ir Wm. 
rei 1 


with fixed air, iii. 
"88.6 


Light, its effe& on icated 
_* nitrous vapor, iil, 226 ; its in- 
fluence on the production of 
pure air from rom plant, a 293 
Loo ſig hur — A dept 
, uces 0s 
nitrous air, ii. 73 3 in- 
Fares common air, 205 - 
N 


Aertz Dr. his obſervations on 


ed air, 4 
Age Ar om it, it; 1543 i: 


Marine — 4 colour, it. 1 
ar 221; various ſu 
ſtances ſaturated with it, 215; 
effect of continued heat upon t 


2493 * 

cede ur taken 2 1 the 
e the I 
it, ii. 273 ; its —— Such 
Kances 


| 2803 on ſubſtances — 


Nitre, the. 


71 


= iſne 
2923 extinguiſhes flame, 2 
the electric — wr in it ibid. * 
le 

Maſcot heated 1 inflemable | 


2891 on ice, 


air, ii. 550 

Hun of it ct by nt 
ſolution 
„ ur of it 


injures common air, i, 5255 the 
air fuppoſed to be contained in 


* 1; in vapour, conducts 
. city, iii. 513 the ſolution 
7 it expoſed to continued heat, 


$213 agitated in water, 446 
in ſpirit of wine, 


— 2 2 by long agh- 
w 
tion 464 ; its great volatility, 


Meredry, the Nach yander 
and lead, iii. 432; Sr 


i. %% 

Aral inflammable air from them, 
1823 the charcoal. Sow iii. 

42535 t 7 
n in each of them, i. myo 
obſervations concerning 
them, 173. 3 
22 1273 by ene mer- 


Cuy, 21 


by heat, 63 

Minium, i ao 

F 
9 | 

b. Monge, Mr. — 

: ph wo, grey fra gd 

| — 

quantity of 


cated Foal . 
- formation of 15 pts 
2 convertible into fixed 


n e 
120, 


r 
5 x26; 855 the rapour of it in- 
Jures air, 236; abſorbs nitrous 
air, 382: produced decom- 
- poſing nitrous air dephlo. 
giſticated air, 28 ; obſervations 
don the proceſs for making it, 
iii. 1; its different colour and 
ſtrength, 9, 163 the phlogiſtica- 
tion of it, 31; co from 
dephlogiſticated and inflamma- 
ble air, 423 its action on veget - 
able ſubſtances, 653 on animal 


ſubſtances, 863 inſſammable air 


fired in the vapour of it, iii. 
1771 mixed with vitriolic acid, 
1843 miſeellaneous experiments 
on it, 203 the electric ſpark 
taken in it, 409 
Nitrous air, how mixed' with com- 
mon air, 263 formed from in- 
flammable air, 263 the phlo- 
., gifton in it and inflammable air, 
Jog; the N. it, 3283 
the quantity ** m different 
| 330; from galls, 334; 
. from vapour of ark of Are 


he quantity 


* _ water, 
. of it 1 the acid being 


+ previouſly converted into va- 


pour, 3413, from phlogiſticated 


Nn 3473 LIE he 
ity of air, 354; old an 
"od made compared, 3633 water im- 
| pregnated with it, 364 abſorb- 
Tok oils, 372; by alkalis, 318; © 

by ſpirit of wine, 380; by acids, 
; 88 ; its antiſeptic 8 3913 


bibed- by bile, 396; forms 


nitrons ammoniac, 398; ex- 


be ſome appearances in the 
ution of mercury, 402 ; — 


3 im | 
; 8 ee 


* Aaminable 


, Herts plants and 
animals in it, 409; recommend- 
eld to be uſed in glyſters, 410; 
diminiſhed by ftanding in wa- 
e VN edel oy ban, 


Coal, 18; 


Water, ib. by p » 193 
dy the Sele r pro- 
duces nitrous acid with dephlo- 

'giſticated air, 28; 3 


335, 3613 e produced, iii, 


imbibed 
ffluence of light _ 5 1263 
Water impregnated with 


„ 


39 diminiſhed by iron filings 
and ſulphur, 6; by a ſolution of 
green ' vitriol, 8, 20 ; by char. 
by long ſtanding in 


uns wa- 
ter, 34; iron heat u it, 38, 
493 produces volatile — 413 


its conſtituent principles, 46; 


| contains no nitrous 8 473 


72 ophorus fired in it, 30 
ed in a bladder, i 388 


Nie air, dephlogiſticated, ii. 133 
in it, 


Na iron e 


Vitrous vapour, _ phlogi/ icated, 


nitrous: air wi water, 


1003 tions on it, TR 


animal oils, 106; in- 


12 
oil and — 2 


| pirit of wine j 
- nated with it, 1363 ack 6 


1443 oil of vitriol do. 1563 ſo- 
lid ſubſtances do. 163 


Noth, Dr. his method of impreg: 


nating mags with * $$ 
O 


Odours, do not. aſſume "= 


offs e air from it by 
electricity, 1953 abſorbs nitrous | 
air, 372 Injures common air, 
ü. 2273 impregnated with phlo- 
— 1 vapour, iii. 136 
e nitrous pour, Hi. 10 
eee auen them, 
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ph tre omeritn contru 


Perſpiration, 


* 


Perfiration, does not injure air 

199 * 
Phlogiſticated air, factions con- 
.-cerning it, ii. 188; 3 effect of wa- 


FO wy it, 271 
2 in. fixed air, 145 iii, 


4723 portion of it in 
"4775 the prop 


rg 1 
30s ; the doctrine 
ed, Iii. 540 


Þ ic acid, obſervations on it, 
EDT ; the electric ent 
Phoſphorus, heated i in ogiſti- 
. cated air, 170; pr | 
inflammable air, 262 
Plants, in - fixed air, 101; in in- 
flammable air, 224 ; in o- 


giſticated air, iii. 276 1 
N ſe, heated in inflam- 

mable. air, 168 formed by de- 

Phlogiſticated 5 ii. 185 
Pringle, Sir Fo ter to him 
concerning marſhes, ii. 


6 


air, 160 
PutrefaBion, injures air, ii. 216 


79 horus, in nitrous air, ii. 50; 


injures common air, 206 im- 
air, ii. 423 
R 
BY iti «I53 . 


| Reſpiration, experiments on it, 11 . 


tl of * 1550 
from it, 66 


A, 8 1 
Kad, eg in air, ii. 186 
Saline ſulſaers be frets thein, 8x 2 


Schi air from it, 50 
2 ares air contained in its blad- 


Spirit of wine, inflammable airfrom 
it by deer 197 by heat, 
200; abſorbs nitrous air, 380 ; 


TT | 
Pr. He heated in deploy 


not convertible e into _ by boil- 


ing, It, A with 
- plyogilten nitrous vapour, 


Us 1413 en en in 
4335 


ſlances by heat, 3013 air ex- 
poſed to it, ii. 200 ; its conduct · 


ing power, iii. 512 
_— air from its 76 
Steel, air from it, iii. 30 


Stones, air ra N 7 
ee . — air from it 


203; in marine acid 
= li. 2833 formed from vitri- 


olic acid air, 333 

wo 1 
Tartar, air from it, 17 hp 
Terms, o blervations on the uſe of 


them, 8 


"pre . 


5 obſervations relating to it 


Ts in ſpirit of nitre, ü. 63 
Toadſtone, air from it, 67 


Tur * heated in dephlo- 


giſticated air, 1 


J Turnips, in i air from 


Lo 


Turpentine, it, air from it 
by ow cer by heat, 


them, 212 


| 20x; inflammable air in it, 238; 
air, il. 234 , | 
* 


Urine, air from'itz987 its effets 


e 


Fagan, how Ae from 
in, 


dk ere, | the air eus. 


. pi of re, hs 69 pro 


| 


WR 

; from them, $5 matter, 313 air 

Ende, in fixed air, 101; in 
deph 


logiſticated air, iii. 276 
Vegetation, reſtores air i injured by 


combuſtion, iii. 247 ; by putre- 


- faction, 255 
Ting, mercury agitated in it, 
iii. 462 
, radical, not convertible 
into air by boiling, ii. 402 
Pitriol, 
2 es nitrous air, ii. * 


Viurialie acid, fixed air from i it 1424 


yields pure air, 141, 149; from 
vitriolic acid air, ii. 330; im- 


pregnaton with nitrous vapour, 
, 156; mixed with nitrous 


acid, , 184 ; the electric ſpark 2 


taken over it, iii. A 
Vitriolic acid air, the diſcovery of 
it, ii, 295 3 from metals, 301; 
water im ated with it, 3073 
compared with marine air, 
3131 mixed with alkaline airy 
314; with other kinds of air, 
316; ſubſtances containing phlo- 
_ * giſton to it, 318; the 
electrie ſpark in it, 3233 iti. 4704 
converted into- vitriolic acid, 
330; the free 


Pola ts eit heat, i 


Fake ren mow ſupported, 6 


1 * 1 4 1 K 


ern, a ſolution of it dis 


of water im⸗ Zinc, inflammable + tk 
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W 
Wad, blacks air from it, 76 
Water, the ſtate of air in it, 563 
neceſſary to inflammable air: 
266; impregnated with nitroug 
airy 364; ; ' neceſſary to nitrous 
air, ii. ae —_— to the de- 
compoſition of nitrous air 
iron, 98; i egnated with . 
triolic acid air, 307; with fluor 
acid air, 42; with alin ar airg 
3723 with phlogiſticated ni 
8 pour, K. 1293 freſh diſtil 


ures * ii. 242 3 its effect on 


5 ogiſticated air, 251 z its ſeem 
converſion into air, 407 3 


e in fertilizing tneadows, iii. 
agitated in it, 


3643 


mercury 
446; .the quantity of marine ; 
acid air and vitriolic acid air nes 
Worn to ſaturate it, iii. 564 | 
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Vo. III. 1 N for 


e 


BOOKS wwritteh by Dr. PRIESTLEY, 


for June, 1783; with Obſervations relating to the Doctrine of 
the Primitive Church, concerning the Perſon of CurisT, 8 vo. 
18, 


26, REMARks on the MonTHLY Review of the LETTER to 
Dr. HorsLey ; in which the Rev. Mr. Sauuzl BADcock, 
the writer of that Review, i is called upon to defend what he has 
advanced in it, 6d, 


27. LETTERS, to Dr. HorsLEY, Archdeacon of St. Albans, 


in three Parts, containing farther Evidence that the Primitive 
Chriſtian Church was Unitarian, 78. 6d. 


Pine oy Theſe laft three Articles together in * 9 or 109. 


28. An His rox of 3 een concerning Jz5vs 
Cnzisr, compiled from Original Writers; proving that the 


Chriſtian Church was at firſt Unitarian, 4 vols, octavo, il, 
. in boards, or 11. 8s. bound. 2 


* WM 
29. A GENERAL HzsTory of the CurIsTian CHURCH, to the Fal 
of the Weſtern Empire, in two Volumes, Octavo, 148. in boards. 


o. A View of the PrinciyPLEs and Coypucr of the Pxo- 
TESTANT D1s$ENTERs, with Reſpect to the Civil and Eccleſiaſti. 
cal Conſtitution of England, 2d edition, 1s. 6d, 


11. A Free Apa ks to PROTESTANT Disszurzzs, on the 
gubject of the Lord's Supper, 34 Edition, with W 26.—L 


N. B. The Addition to de had alone, 16. 


3%. An Abd 4 to PROT ESTANT D1888NTERS,. on * axon 
Jett of giving the Lord's Supper to Children, 1, 


11. AFxExR Appzzss to PROTESTANT Diss ENT ERS, on the 
Subject of Cavzci DisciePline ; with a preliminary Diſcourſe 
concerning the Spirit of Chriſtianity, ans thy nnn of it by 
_ falle Notions of Religion, 46. 6d. 1 > \ 


34+ LETTERS: to the Atthors of Remarks on dcr late Pub. 
17. | 

35, A Oy toa by Worn be Ie of Mr: LN 8 
Propoſal for a refot med oy W of the Plan of the late 
Pr. Samuel Clark, d. oct. nod: 


36. Tazen LeTTERs to Dr, Neweope, Biſhop of Waterford, 
on the Duration of our S$aviour's Miniſtry, 33. fd. 


37 Lx - 


BOOKS writer r. PRIESTLEY. 


37, LeTTERs to the Jews; inviting them to an amicable Dif, 
cuſion of the evidence of Chriſtianity, in two parts, 28, 


N. B. The preceding eight Tracts, - No. 28 to 35, incluſive, may 


he had in 2 vols. boards 148. by giving orders for Dr. Prieftley's — 


— 5 
- 38. DETENCES of UNITARIAN Ie for the Year 1 


| taining Letters to Dr. Horne, Dean of Canterbury * | 


Young Men, who are in a Courſe of Education for the Cl iſt 


Miniſtry, at the Univerſities of Oxford and Cambridge; to Dr. 
Price; and to Mr. Parkhurſt ; on the Subject of the Perſon of 


Chriſt, ſecond edition, 38. 


39- DeyenGts of UNITARIAN ISM for the Year 1787; cone 
taining Letters to the Rev. Dr. Geddes, to the Rev. Dr. Price, 
Part II. and to the Candidates for Orders in the Two Univerſi- 
ties. Part II. Relating to Mr. Howes! Appendix to his fourth 

olume of Obſervatigns; 

te of Oxford, 
Publications, 28. 6d, b a 

40. DEFANcESOf U deen fon the eum 1788 and 1789 
containing Letters to the Biſhop of St, Davids to the Rev. Mr. 
Barnard, the Rev. Dr, Knowles, and the Rev. Mr. Hawkins, 38, 6d. 


4, Dzscoyrs2Es on VaRIous SUBJECTS, includingieveral 
on PARTICULAR,Occa8ions, 68. in boards. 


42. A CATECH18M for Children and Young Penſons, 5th Edit. 4d. 


D 


a ane and ſeyeral other 


3. A ScxteTVRE CATECHISM, conſiſting of a Series of 2 5 


tons; with References to the Scriptures, * of Anſwers, 
ad. Edition, zd. 


- 44; Dr. Watts's Hiſtorical Catechiſm, with Alterations; 64, 


45. An AypyEAL to the ſerious and candid Profeſſors of Chriſ- 
tianity, on the following ſubjects, via. 1. The Uſe of Reafon in 
Matters of Religion. 2. The Power of Man to do the Will of 
God. 4. Original Sin. 4. Election and Reprobation, 53. The 


Divinity of Chriſt and 6. Attonement for Sin by the Death of 


Chriſt, a new Edition; to which is added, a Conciſe Hiſtory of 
thoſe Dectrines, ad. An Edition in large Print, 6d. 


46. A Familiar Illuſtration of certain paſſages of Scripture, re- 
lating to the ſame Subjects, the ad. Edition 6d. 


47. ConsiDeraTIONS for the Uſe of Young Men, and the 
Parents of Young Men, 2d Edition, d. 


48. A Segzous ADDRESS to TIO of Families, with Forms 


49. A 


Books, a Letter by an Under-Gradu- © 


7 


BOOKS wine by Dr. PRIESTLEY, 


for June, 2983; with Obſervations relating to the Doctrine of 
the Primitive 2 concerning the Perſon of CuRIS T, 8 vo. 
16, 


26, ReMARKs on the MonTHLY Review of the LETTER to 
Dr. Horsity ; in which the Rev. Mr. SauveL BADcock, 
the writer of that Review, is called upon to defend what he has 
advanced in it, 6d. 


27. LETTER to Dr. HorsLEY, Archdeacon of St. Albans, 
in three Parts, containing farther Evidence that the Primitive 
Chriſtian Church was Unitarian, 78. 6d. 


Re a, Theſe laft three Articles ue in . 9 or 105. 


28. An His roxy of a . concerning Jz5vs 
Cur15T, compiled from. Original Writers; proving that the 


Chriſtian Church was at firſt Unitarian, 4 vols. octavo, il, 
4. in boards, or 11. 88. bound, Ree 


29. A GENERAL Hzsrory of the Castle cuvnch, to the Fal 
of the Weſtern Empire, in two Volumes, Octavo, 148. in boards. 


o. A View of the PrinciPLes and Coypucr of the Pxo- 
TESTANT Diss ENT ERS, with Reſpect to the Civil and Eccleſiaſti. 
cal Conſtitution of England, 2d edition, xs, 6d, 


31. A FxEE ADDaess to PROTESTANT D183ENTERs, on the 
Subjett of the Lord's Supper, zd Edition, with . 28. v 


N. B. The Additions to be had alone, 18. 


3%» An Avppams. to PROT EST ANT Diss T ERG, on the . 
Jett of giving the Lord's Supper to Children, 1. 


33- A Frzr Apngess to PROTESTANT DISSENTERS, on the | 
Subject of nunc DrgcieLiNne ; with a preliminary Diſcourſe 
concerning the Spirit of Chriſtianity, - e N of it by 
falſe Notions of Religion, 26. 6d. 41 * 1 


34. LET TEASs to the Aüthors of Remarks on ſtweral late Pub. 
fications relativ} i the Difenters, m 4 letter te Pr. Friqliq, 
27. f 
35 A Lexi ton Laruan, on the Subject of Mr. Lindſey's 
Propoſal for a reformed iy e, of the Plan of the late 


Dr. gamuel Clark, d. 8 
36. Taxes LETTERS to Dr. Newnn e, Biſhop of Waterlord 
on the Duration of our Saviour" 8 Miniftry 38. 6d, 


37+ bye 


' tracts. 


BOOKS written r. PRIESTLEY. 


37. LETTERs to the Jews; inviting them to an amicable Diſ, 
cuſion of the evidence of Chriſtianity, in two parts, 26. 


N. B. The preceding eight Tracts, No. 28 to 35, incliius, may 
he had in 2 vols. boards 148. by giving dur for Dr. Prieftley's — 


38. DerEncgs of UniTARIANISM for the Year 1 86 'Y 
taining Letters to Dr. Horne, Dean of Canterbury the 
Young Men, who are in a Courſe of Education for the Ehritian 
Miniſtry, at the Univerſities of Oxford and Cambridge; to Dr. 


Price; and to Mr. Parkhurſt ; on the Subject of the Perſon of | 
Chriſt, ſecond edition, 38. 


39- DuyzxGs of UniTarIanian for the Vear 1787.3 con- 
gaining Letters to the Rev. Dr. Geddes, to the Rev. Dr. Price, 
Part- II. and to the Candidates for Orders in the Two Univerſi- 
ties. Part II. Relating to Mr. Howes Appendix to his fourth 

olume of Obſervatigns@p. Books, a Letter by an Under-Gradu- 

te of Oxford, nene n ſeyeral other 
Publications, 28. d. b 4 

40. DRYRN CES naaiaunene Fonthe Yours 1788 and b 
containing Letters to the Biſhop of St, Davids, to the Rev. Mr. 
Barnard, the Rev. Dr. Knowles, and the Rev. Mr. Hawkins, 38, d. 


4, Discus on VarIous SUBJECTS, including geveral 
on PARTICULAR, Oc cAS¹1VJs, 68. in boards. 


42. A CATECHISM for Children and Young 'Perſons, 5th Edit, 4d. | 


41. A SCRIPTURE CATECH1$M, conſiſting of a Series of . . 
tions; with References to the nner 8 of Anſwers, 
ad. Edition, zd. 


A. Dr. Watts 's Hiſtorical Catechiſm, with Alterations d. 

45. An APPEAL to the ſerious and candid Profeſſors of Chriſ. 
tianity, on the following ſubjects, via. 1. The Use of Reafon in 
Matters of Religion. 2. The Power of Man to do the Will of 
God. 4. Original Sin. 4. Election and Reprobation. 53. The 
Divinity of Chriſt z and 6. Attonement for sin by the Death of 


Chriſt, a new Edition; to which is added, a Conciſe Hiſtory of 
thoſe Doctrines, ad. An Edition in large Print, d. 


46. A Familiar Illuſtration of certain paſſages of Seripture, re- 
lating to the ſame Subjects, the ad. Edition 6d, - 

47. ConsiDErRATIONs for the Uſe of Young e and the 
Parents of Young Men, 2d Edition, ad. 


48. A Sezzous ApprEss to Maſtert of Families, with Forms 
of Family Prayer, zd. Edit, gd. 


D 


49. A 


BOOKS writtn by N pxrzsTLEY. 


49. A Free Addreſs to Proteſtant Diſſenters as ſuch, By a 
Diſſenter. A new Edition, enlarged and corrected, 1s. 6d. An 
Allowance is made to thoſe who buy this Pamphlet to give away. 

50. The TrxiuuPH of TRUTH ; being an Account of the 
Trial of Mr. ELwALL, for Hereſy and Blaſphemy, at Stafford 

before judge Denton, 2d Edition, ad. 
are ADDRESS to thoſe who have petitioned for the 
of the late Act of Parliament in favour of the ROMAN 
CATHOLICS, 2d. or 128. per Hundred to give away. 

52. A GENERAL View of the Arguments for the UniTY of 
Gop, and againſt the Divinity and Pre-exiſtence of Chriſt, from 
Reaſon, from the Scriptures, and from Hiltory, zd Edition, ad. 

N. B. The laſt Eleven. Tracts may be had together, in boards, 45. 
61. by giving Orders /or Dr. Prieſtley's {maller Tracts. 
 $3- A Lerre to the Right Honourable WILLIAM PitT, 
Firit Lord of the Treaſury, and . of the Kxchequer; 
on the Subject of ToLERATION and EHURCH EsTaBLISH- 
MENTS 3 occaſioned Ly his SPEECH againſt the Repeal of the 
TEsT and CORPORATION Acrs, on mn the 21ſt of 
March, 1787, the ſecond Edition, 18. 

54. A SERMON preached before the Congregations of the OLD 
and New MEETINGs, at Birmingham, November 5, 1789, re- 
commending the Conduct to be obſerved by Diſſenters in order to 
procure the Repeal of the Corporations and Teſt Acts, 6d. 

35. LETTERs to the Rev. EDWARD Burn, of St. Mary's Chapel, 
Birmingham, in anſwer to his, on the Intallibility of inen 
Teſtimony concerning the Perſon of Chriſt, is. | 


56.” FamiLiax LETTERS, addreſſed to the. Inhabitants of 
Town of Birmingham, in Refutation of ſeveral Charges u 
againſt the Diſſenters, by the Rev. Mr. Mapa, Rector of St. Phi- 
lip's, in his Sermon, entitled, © The principal Claims of the Diſ- 
enters conſidered,” preached at St. Philip's Church, on Sunday, 
February 14, 1790. Parts I. II. III. and IV. 38. | 


Alſo Publiſhed under the Dire&tion of Dr. Pr LET. 
THE THEOLOGICAL REPOSITORY, 
Conſiſting of Original Eſſays, Hints, Queries, &c. calculated to' 


promote Religious Knowledge, in ſix Volumes, 8 vo. Price 65 163. 
in boards, or 21. 28. bound. 10 2˙ : 
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